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PART I 


THE CHEMISTRY OF ENZYMES 





CHAPTER I 

GENERAL CONSIDERATIONS 

Enzymes are produced by the living cell, and no living thing can 
exist without them. Although animals are unable to produce the vita- 
mins that they require for life, all living cells can produce their specific 
enzymes. In fact, each cell may be characterized by the type of 
enzymes it produces, and the origin of an impure enzyme preparation 
may be traced by tbe type of enzymes it contains. Enzyme-containing 
materials have been employed for practical purposes for thousands of 
years in baking, in preparing alcoholic beverages, and in medicaments. 
Pasteur demonstrated, as early as 1858, that racemic tartaric acid could 
be separated into dextro- and levo-tartaric acid by permitting the mix- 
ture to be fermented by a penicillium. Only the dextro form was fer- 
mented. Buchner was the first to prove that the living cell is not 
necessary for enzyme action. This was a very important step towards 
the understanding of cell-linked chemical reactions. 

Recently, geneticists have shown that, within the cell, single genes 
control the synthesis of specific enzymes. Since enzymes are proteins 
which act on foods, they are, of course, part of intermediary metab- 
olism. Although the genes, which perpetuate themselves by auto- 
catalysis, are the actual regulators of intermediary metabolism the 
enzymes are the agents that supply all living things with energy for 
work and for biosynthesis. These processes are usually called growth 
and life Since genes determine the type of enzyme that a certain cell 
can synthesize, it is obvious that biosynthesis is also a gene-controlled 
sequence of enzymic reactions. Thus we may say: Life is a series of 
catalytic reactions controlled by genes. According to Spiegelman and 
Kamen (1) these cytoplasmic self-duplicating units, the genes com- 
pete with each other, and the result of such competitive interaction 

determines the enzymic composition of the cytoplasm. Inherent b 

this concept is changeability of the ultimate results, which depend upon 
the varying experimental conditions. ^ 

The animal body synthesizes many kinds of proteins from amino 
acids. It is not known how the pattern for these reactions is set 

-Terences at the end of the 
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general considerations 


Highly interesting m the m^gani^c crystalloid coenzymes 

sources in order to complete the However, since there 

Enzymes are known as bloc lemicn J differentiation must be 

pose the following classification. 

Definition of an Enzyme. Classification of 

Biochemical Catalysts 

O ^11 ir^devendent biochemical catalysts or enzymes: 

1. Specific, cell-indepenae , 

Catalysts which are producec y destroyed if their solutions 

independent of the living cel an wh Examples; pepsin, 

S;: --.Sts produced 

by the living cell, “ ^genl hormifnes. viruses. 

Substances such as undergo ordinary 

:h™icaTthaTges''°oxh\tion. reduction, etc.) . However, they do taUe 
part in various enzymic reactions. 

Classification of Enzymes 

Ensymes may be divided into three definite classes on the basis o 

‘''r"y"cc“e consists of protein only: pepsin, trypsin, 
urease, and many others. protein and a cation such as 

- .1- ■ r “r;,-: r; 

molecular (heat-stable) . a cation. In Table I 

prosthetic group. Somctim porphyrin as the prosthetic 

Le listed those enzymes that con^^ 

group are listed the various enzymes containing 

chrome c) . flavin dinuclcotides as their prosthetic 

groups. ^gted in Table III. Many others contain 

thdir coenzyme, these arc 
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nicotinamide nucleotides. Thus, diphosphopyridine nucleotide ( co- 
dehydrogenase I) is required by lactic, malic, ^-hydroxybutyric, glu- 
tamic, alcohol, and other dehydrogenases. Triphospliopyridine nucle- 
otide (codehydrogenase II) is necessary for the dehydrogenation of 


TABLE I 

Enzyme 
Catalase 

Peroxidase I and II; 

verdoperoxidase 
Cytochrome c (part of 
cytochrome c oxidase 
systems) 

Robison ester, isocitric acid, phosphohexonic acid, glutamic acid, etc. 
Several other enzymes require different coenzymes (Table IV). 


Iron-Porphyrin Enzymks 


Prosthetic Group 

Iron-porphyrin 

Iron-porphyrin 

Iron-porphyrin 


Remarks 

Decompos(‘s hydroj^tui jM^roxide. 
Oxidize many compounds in the 
presence of hydrogen |M*roxide. 
The cytochromes are earriers of 
electrons. They are not enzymt‘s. 


TABLE II 


Flavoprotein Enzymes 


Enzyme 

Old yellow enzyme 
Cytochrome c reductase 

Z-Amino acid oxidase 

Glycine oxidase 
d-Amino acid oxidase 
Xanthine oxidase 
Fumaric hydrogenase 
Aldehyde oxidase 
Pyruvate oxidase 
Glucose oxidase 
Histamine or diamine 
oxidase 


Coenzyme or Prosthetic Group^ 

Riboflavin phosphate 
Riboflavin phosphate 

Riboflavin phosphate 

Riboflavin adenine dinucleotide 
Riboflavin adenine dinucleotide 
Riboflavin adenine dinuclcotide 
Riboflavin adenine dinucleotide 
Riboflavin adenine dinucleotide 
Riboflavin adenine dinucleotide 
Riboflavin adenine dinucleotide 
Flavin of unknown nature 


Substrate 

Robison ester 
Triphosphopyridine 
nucleotide 
Z-*\inino acids, Z-a 
hydroxy acids 
Glycine 
d-Amino acids 
Xanthine, etc. 
Fumaric acid 
Aldehydes 
Pyruvic acid 
Glucose 
Histamine and 
diamines 


In addition to the enzymes in Table III, a-ketoglutaric oxidase 
has also been found to be a diphosphothiamin proteid. 


Effect of Temperature 

The velocity of enzyme action is accelerated as the temperature is 
increased until the optimum is attained, above which velocity decreases 
and enzyme activity discontinues. According to Arrhenius (2), veloc- 
ity changes affected by temperature are due to two kinds of molecules 
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general consideration^ 

in tl<0 solution i c art.vc am extended by 

":nH;\,ua„.u,n t„e,ay, .,,ieb 

:;:;:no» a’lra'Jale u™,-;:::,.; U.ete . a., me, -ease in enzyntle 


table 111 

DirHOSPHOTUiAMlN 


Enzyme 

/ 3 -CarV)oxyl;isc 
a-Ketoxidase 
Pyruvate mutase 

Enzymes ciitalyz/mR the 
oondensation of pyruvate 

to 


Enzymks 

End I’nidvK't with Tyruvatc as the 

Substrate 

Acetaldehyde and carbon dioxide 
Acetic acid 

Lactic and acetic acids 

Carbohydrate 

Citrate 

Ac<4.oacetate 
Succinate 
a-Ketoglutarate 




aetivity of about two to three ai' 

reactions at two tcmitcraturcs 10 apait . 


The relation between 

teinperatui'c 


lAUEh; IV 


Enzymks RcQinuiNCi Orinai Coknzymks 


Enzyme 

Glyoxalase 

PhoHphoryIaH(^ 

Amino acid (haairboxyl 
a,s<i 

AHpartic-glutamic 

transaminase 

Alanine-Khit ami<^ 
transaminiiw; 


(^oenzyine 

C;iutathion<‘ 

Adenylic acid 

I'yriiloxal orthophosphate 

Pyri<loxal orthophosphate 
Pyriiloxid orthophosphate 


Substrate 

Methylglyoxal 
(ilycogen 5=^ Cori ester 
Amino acids 

(dutainic acid + oxalacetic 
,H*id ^ «-k(d.ogluiaric 
acid + aspartic acid 
Glutamic acid + pyruvic 
acid ^ a-kctoglutaric acid 

4- alanine 


1 ,.iri E<. curried out at temperatures 
coefficient. The estimation sliould be 

wl,ero .le»lru,-tion „t t,l„' ta„,.omture eoeffleiente 

,n T,,bU, V are tor enr,yu,m rcaetton, 

i„ less than for the same reactions destruction 

50^ enzymes in ^rm'ra^ 

incroiiBee with an inereasi i - p ’ „ro resistant, for instance, 

complete at 80“. Some cnw.nes arc .noro resistant. 
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papain, bromelin (7), and the rennin of the plant Solanum elaeagni- 
folium (8). The concentration of the enzyme, as well as the presence 
or absence of the substrate and the duration of the experiment, how- 
ever, are influential factors, and in some cases under certain conditions 
heat inactivation is reversible (e.g., trypsin, ribonuclease) . 


TABLE V 

Temperatuke Coefficients of a 
Number of Enzyme Actions 




Temperature 
in Degrees 

-K'(+io 

Reference 

Enzyme 

Substrate 

Centigrade 

Kt 

N umber 

Pancreatic lipase 

Ethyl butyrate 

0-10 

1.50 

[3] 

* 


10-20 

1.34 




20-30 

1.26 


Liver lipase 

Ethyl butyrate 

0-10 

1.72 




10-20 

1.36 




20-30 

1.10 


Yeast maltase 

Maltose 

10-20 

1.90 

[4] 



20-30 

1.44 



30-40 

1.28 


Malt amylase 

Starch 

20-30 

1.96 

[5] 



30-40 

1.65 

Succinic oxidase 

Succinate 

30-40 

2.0 

[6] 



40-50 

2.1 



50-60 

2.1 



It is of interest to note that the activation energy of most reactions 
catalyzed by enzymes is approximately 12,000 calories. That leads to 
^ Qio of about 2. On the other hand, activation energy for inactiva- 
tion of most enzyme solutions (denaturation of protein) is 25,000 to 
100,000 calories. Dry enzyme preparations can stand temperatures of 
100° to 120°. Excellent reviews on the effects of temperature on 
enzyme kinetics have been published by Kuhn and by Sizer (9, 10) . 


Effect of Hydrogen Ions ; Activity pH Curves 

Activity pH curves represent the influence of hydrogen-ion concen- 
tration upon the relative enzyme activity. The pH optima, however 
will change according to the condition of the experiment This point 
is clearly illustrated in Fig. 1 ; urease is most active in the presence of 
1 per cent urea and M/8 citrate buffer at pH 6.5. The pH optimum 
for urease in the presence of 2.5 per cent urea is 6.4 for acetate, 6.5 for 
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citrate, and 6.9 for phosphate. Urease is active from pH 5 to 9 in phos- 
phate buffer, from 4 to 8.5 in citrate buffer, and 3 to 7.5 in acetate 

buffer (11). 



In Fig. 2 is recorded the effect of pH on 
50 per cent glycerol extract of germinated 


the proteolytic activity of a 
soybeans, in the presence of 



Fio 2 Effect of pH on the proteolytic activity of germinated soybean extract. 
Proteolytic activity units: cc. of 0.06 N KOII per 10 grams of soybeans. 


citrate buffer, using the substrate gelatin in one set of experiments aiid 
casein in the other. With increasing pH, the activity increased rapid y 
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until an optimum was attained between pH 6.5 and pH 7.0. A further 
increase in the pH caused only a slight decrease in proteolytic activity 

Table VI shows several examples in which the optimum pH of an 
enzyme varies with the substrate, the source of enzyme material, and 
the buffer employed. For other data, see individual chapters. 


Specificity of Enzymes 

Enzymes differ from inorganic catalysts in that the latter catalyze 
many reactions; i.e., hydrogen ions (of acids) will hydrolyze proteins 
fats, and carbohydrates, and any ester. Hydroxyl ions behave simi- 
larly. Colloidal platinum, too, catalyzes many kinds of reactions. 
Enzymes, however, are more specific. Lipases do not split proteins 
and proteolytic enzymes do not attack fats. Thus, their action is 
limited to certain types of substances. Some enzymes are absolutely 
specific. For instance, dipeptidase will not split a dipeptide if the 
amino or carboxyl group is not free (Grassmann and Dyckerhoff) 
Some enzymes show stereospecificity; e.g., the natural form of certain 
compounds is attacked much faster than the synthetic antipode Other 
enzymes prefer to open certain linkages ; i.e., a- and /?-amylase. There 
are two types of maltases: true a-glucosidases and pseudo a-gluco- 
sidases, each with specific properties (Kleiner and Tauber) There 
are enzymes, however, which can act on a great variety of compounds 
(e.g ^-glucosidase), and Helfench compares such enzymes to the 
master key opening many locks. However, the substrate alone is not 
e only directive factor. Glucose, for instance, may be converted by 
1 erent enzymes to gluconic acid, lactic acid, or alcohol, and pyruvic 
acid to acetaldehyde, acetic acid, lactic acid, and several condenLtion 
products by different diphosphothiamin enzymes (see Table III) 

mines the specificity of an enzyme. ’ 


views »^oncermng the Mechanism of Enzyme Action 
Although enzymes are catalysts, they differ from the so-called true 

or .deal catalysts .n various ways. After the reaction, enzyme d„ Zt 

remain unchanged. Soon after the action commencp^i « f • ^ ^ 

of destruction takes place, even at low temperature 
velocity IS not always proportional to the concLtration of thp 
In some instances enzymic catalysis can bp rp.rpvcpri / 



TABLE VI 

Vabiation of Optimum pH With Buffer, 
Substrate and the Enzyme Source 


Type of 


Enzyme 


Amylase (saccharifying) pancreatic 


malt 

salivary, acetate buffer 
phosphate buffer 


Arginase, jack-bean, depending 
on cation concentrations 

with Co ions 
with Mn ions 


Ascorbic acid oxidase, squash, 
phosphate-citrate buffer 
acetate buffer 

Asparaginase, of many sources 

Inver tasc, yeast 
Solanujn indicum 


Lactase, adult dog intestine 
calf intestine 
cockroach, gut 
yeast 

almond 

Maltiuse, yeast 

SolantiTn indicum 


Papain, egg albumin as substrate 
gelatin iiH subs trate 

Pepsin, egg albumin as substrate 
cfusein as substrate 
hemoglobin as substrate 
gelatin ivs substrate 

Phosphatase, bone 
kidney 
plant sources 
synthetic action 

Transaminase,- B, coli 
oat seedlings 
animal tissues 


Urease, crystalline; citrate buffer 
a(;ctate buffer 
phosphate buffer 


Optimum 

pH 


Authority 


6.8 

4. 4-5. 2 
5.6 
6.5 


Sherman, Thomas, and 
Baldwin 

Sherman and Schlesinger 
Hahn and jMichaelis 
Hahn and Meyer 


7. 5-9.0 
8.8 


5.56^5-93 

5 . 38-5 . 57 


Anderson 

Anderson 


Tauber, IHeiner, and Mishkind 
Tauber, Kleiner, and Mishkind 


8.0 


4.5 

6.0 


Busch 


Michaelis and Davidsohn 
Tauber and Kleiner 


5.4r-6.0 

5.0 

50-6.4 

7.0 
4.2 


6 . 75-7 - 25 
5.5 


Cajori 

Fendcnberg and Hoffman 

Wigglcsworth 

WillstiUter and Oppenheimer 
Willstiittor and Csanyi 


7.5 

5.0 


1.5 

1.8 

2.2 

2.2 


Willstatter and Bamanu 
Tauber and Kleiner 


Greenlierg and Winnick 
Willstiittor and Grassmann 


8.4 

8. 8-9. 2 
3. 4-6.0 


Sorensen 

Northrop 

Northrop 

Northrop 


9.4 


8.5 

8.5 

7.5 


Martland and Robinson 

Kay 

Kay and IjCO 
Kay 

Lichsteiu and Cohen 
Lichstein and Cohen 
I.iehslein and Cohen 


6.5 

6.4 


0,9 


Howell and Sumner 
Howell and Sumner 
Howell and Sumner 



• For further duia and roforenooB, boo individual chaptorB. 
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teins, organic esters, carbohydrates, etc.). In contrast to inorganic 
catalysts (as hydrochloric acid), only a few enzymes, and these under 
certain conditions, follow the course of a monomolecular reaction. 

According to the theory of Bayliss (13) enzyme action is based on an 
adsorption process caused by the colloidal state of the enzyme; i.e., the 
enzyme adsorbs the substrate, and then the chemical reaction takes 
place at the interface. This reaction may be explained by the law of 
mass action, the amount of adsorbed substance, however, is the con- 
trolling factor. The Michaelis school believes that in certain reactions 
there is a combination between enzyme and substrate. Michaelis, 
too, applied the mass-action law for enzymic reactions, showing that 
the amount of combination between enzyme and substrate depends 
upon their concentrations. Northrop found that with pepsin and 
trypsin there is no combination between enzyme and substrate; the 
reaction takes place with the ionized part of the substrate. He found 
also that the reactions proceed (with slight deviations) according to the 

law of mass action, but that there is a reversible combination between 
the enzyme and the reaction products. 


Rothen (14) found, by using systems consisting of certain polymer 
films and crystalline trypsin and pepsin, and the antigen bovine albu- 
min and homologous antisera to test proteolysis, that the proteolytic 
enzymes may act at a distance greater than 100 A. This would mean 
t at no direct contact is necessary between enzyme molecules and the 
molecules subjected to decomposition. This would be in accordance 
with the suggestion of London that enzyme action may originate 
through a field of forces resulting from extended resonators 


KINETICS OF ENZYME REACTIONS 

Enzymic reactions are influenced by many factors, the more com- 
plicated of which are not fully understood - for example, the nature 

more than one kind of active group in the enzyme moIecuTe tt oLf 

rlr2htrTTr“e^^etr^h^ 

Syst "" not qualitatively f™m the"ino"rTa™c 

zyme reaction. The velocitv is a Isr. the nature of the en- 

quantity of enzyme present, as shown by j”hrtonld jIsTusK 
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(;10XKKAT^ CONSIDEH ATIOXS 

The vclocitv of an cnzvnie reaction the instantaneous rate of 

a. a....™ H,.e M.. 

;:;z- rs at::ir;et .t:‘ » ..ea..o., .ue ao.,a„.. 

rs Tonstant and indopcndont c.f tl.o a>,b.t.-atc concentration. Thi» mat 
be expressed by the following eciuation: 


Velocity = 


fix 

(it 


= k or X = kt 


where r is the quantity of substrate changed in time t, and k is the 

^tSe^—Kin that enzyme reactions occur 

through the intermediate formation of an enzyme-substiate comple 

^yme is saiZld^vith substrate and the concentration of the conr- 

’'‘The vetcity orensyme reactions under other conditions is propor- 
tional to the concentration of the substrate present at any grven time. 
In this case the equation for the reaction velocity is 

(J/OC 

Velocity “ ~ 

where a is the concentration of substrate at the start of the reaction. 
If this is integrated, 


k 


En- 

t a 


a 


X 


u+ • orl This tvne of reaction is known as a first-order reaction. 
" f number If ensyme reactions, particularly hydrolytic reactions. 

9“ ‘:z9: ri.. « 
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Van Slyke (19), who derived the following over-all equation 



where K, is the velocity constant for the combination of enzyme and 
substrate and Kg is the velocity constant for the production of x. This 
reactmn, called by Van Slyke “two-phase,” covers the course of the 
reaction from the presence of a high concentration of substrate to the 
presence of a limited quantity of substrate. When .r is very small the 
equation reduces to the zero-order expression, and when x/K^ is negli- 
gible the equation reduces to the first-order form. 


Michaelis-Menten Theory 

Another approach to the problem of the relationship between the rate 
^ an enzymic reaction and concentration of the substrate was made by 

r^tf TbT? that the initial 

rate of hydrolysis of sucrose is proportional to the concentration of an 

intermediate sucrose-invertase complex. If E represents enzyme 5 

+ BE ->E-l-P 


Mathematical analysis led to the equation 


V = 


V(S) 


+ S 


in which V is the initial velocity of hydrolvsis when . • 

of sucrose is (S) ; V is the maximum veloc ty reached at iXlSl h h 
complex, ES. ^ ^^zyme-substrate 

Michaelis and Menten tested thpir rlpr^rr.+* u 
maximum observed velocity obtain d 1.*'™ assuming that the 

Fig. 3; it is evident that the a^eLot h ^ “* in 

and the theoretical curve is satisfacW 8^“" Points 

pS-activity curves since they show *1 f “ften called 

of reaction and the negative iLarithm of th '>«t'feen the rate 

Subsequent workers have verified extend “"'“‘’'‘“f'on of substrate. 

ment of Michaelis and nln n (2? ” , ’ “'1.'"“^^'' 

|s!i, 22). Stadie and Zapp ( 23 ) 
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extended the theory to include the equilibrium of enzyme, coenzyme, 
.ub^trate, and hydrogen i(m.. On the other hand, it can be rcad,h 
ckmonstrated that the K, calculated from the data liased on the theor> 
orUot necessarily correspond to that of the substrate-enzyme com- 
plex (24) Larson (25) and Nelson and Larson (26) , using iilio^iihate^ 

ion concentrations, were unable in many experiments L, find any close 
agreement between the experimental and theoretical p^-activity curve.. 



Firj. 3. 


rison ol 1h(' niass-iaw cuiivi- ....... .r>- 

ir»v(‘rljus(' iis Uu' cotn'oiilml ion of svir.roso is varied. 


Nelson and Schubert (27) (>xplaine<l such deviations at high ‘ f 

tions of sucro.si! as arising from the infiuence of water on the 

th<- reaction. They yaried the concentrations of water and suciose by 

acUlin^ aleciliol to tlu* system. i • r Kfrimil- 

It is eyident from the criticism of Nelson that one of ‘ -rr Mjis 

deyiutions arise from secondary reactions. Lineweaver and Bulk (28) 
rov d an ingenious solution of this problem by algebraic inampnla- 
l-r;:! the equation. If the reci.irocal is taken of both sides, the equa- 
tion reduces to 

1 


1 


V 


K 




i' L(^') 


+ 


L 


C'onsideration of this form of the equation shows that, if the reciprocal 
oi the velocity is plotteil against the reciprocal of the ' 

moderate concentrations of the substrate can be used, since, when 
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line is drawn either graphically or by the method of least squares, V 

and Kg are readily and accurately determined by mere extrapolation to 
zero. 

A consequence of this modification is that it provides a method for 

testing whether a given reaction is governed by the assumptions of the 

Michaelis-Menten treatment or whether a more complicated type of 

reaction is concerned. If the data, when plotted as indicated, do not 

follow a straight line within experimental error, some other mechanism 
should be sought (28). 

A second use that can be made of the equation is for testing the type 

studies of the mechanism of enzyme reactions, it 
often IS important to know how different inhibitors affect the reaction 
The simp est instance that can be tested is to differentiate between an 
inhibitor that competes with the substrate for the enzyme (competi- 
tive), and one that combines directly with the enzyme resulting in the 
elimination of functional groups (non-competitive). By formulations 
that are primarily extensions of the Michaelis-Menten treatment, and 

evelopment of their mathematical implications, the following equa- 
tions are obtained; ^ ^ 

For competitive inhibition: 

i - 1 , (D 

Vi Ki Kg + {S) 


For non-competitive inhibition: 


i = r + « 

Ki 

m which Ui is the velocity in the presence of inhibitor of concentration 
iid dissociation constant of the inhibitor-enzyme complex 

and the other symbols have the significance previously assigned Tf 
v/Vi IS plotted against the concentration of inhibitor (/) for diff + 

for both competitive and 

inhibition is competitive, the lines will nnioition. It the 

will coincide if non-competitive since (SI dnp <5 ® ^^t they 

tion for thie type of inhibit EbersS 

andMoElroy (30) dieouss more involved t™f of i^^ 'v®' 

xmthematical treatment. More extensive considerItk,n oUhe t 
tions are furnished in references 19 24 Ld 31 ^^ua- 
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generate C0XSTDERAT10N8 

General Rule lor Expressing Enayme Activity. The nutho.l^ont- 
ployed sl.ouM ;;,',U'"™zv„uy, tl,v amount of change 

’..on the early part o, ' of change or 

expressed in unit>. Tlie i ...K^fi-ate under certain definite eon- 

Activators 

Non-specific substances, which "ailed 

enzyme or which activate a pepsinogen hy chansins it 

activators; e.R., hydroehlorie, ^ aetivation of ])epsin 

U, pc-psin, and prorcmnin o i; nn n . ^ ,,,ivated by 

is said to be an antnea abti ■ ,,,,rinase l.V matn^anie, cobalt, 

sodium chloride and otliei sa s, • |,p„^,,p.vtaso 

nicked, and iron, but not by ^ ^ l^^.uevtpeplidase is activated 

reepiires similar ions fm its a< • HetivUy of peetinesterase 

by magnesium an<l maiiMianie. ^ ’m-eater in the presence of 0.2 M 

(peetase) at pU h-T ..^^^ons than in the abse-nee of 

,„onovalent '‘‘^ons -O „(• ,.pi.a,s are without elieet 

cations, l)Ut at jdl 8.0 tin Ascorbic aei.l oxidase, tyrosinase, 

,,,,ivity of the enzynw ' .,epends on zinc for 

and laccase reeimre eoppei , ‘ i-eeiiiire (iilTerent eleel rolytes. d lie 

enzynic inuloculc. 

Essential Groups and Their Inhibitors 

The .'nsyino inl.ihitors ef llu' roenr.ymcs, 

Xian, res llml .■.since he " "y'''7 „„ x..l,st.n..-es th.d .■.>..M'ole 

prosth<'li.. groups, or „,;|,xl,„n,-e» H...t .lestroy ■> 

with tin* HuV)strat(. o ^ '■ ,,f (,iu> enzyme. 

Hfiry active I”*’ ' I , pj^,.i,on monoxide, hydrogen 

In the /ir.st lironp |,„xvl„.,.ini', .vhiel. hrl.ihit the 

“::;n:;:;r"™^v^^i.y■•™ .lU.,tl.yl,hU.loc..rh...nnte, 
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which inactivates the copper-containing enzymes; and fluoride and 
oxalate, which inhibit the calcium-containing enzymes. Other poisons 
may compete with the coenzyme for the apoenzyme. Examples for 
IS group are the inhibition of flavoproteins by atabrine (36), and the 
iphosphothiamin enzymes by compounds related to thiamin, such as 

ihn pynthiamin. Sevag and associates (37) found that, 

ugh sulfathiazole inhibits the carboxylase activity of whole yeast 

one molecule of cocaz-boxylase added to the reaction mixture is capable 

snlfaTht T mi, ' «f 8088 to 53,400 molecules of 

su ™Zde d T’ ” observed that several 

sulfonamide drugs have a strong inhibitory action on various respira- 

eZtXlT't ''“'I boen postulated that sulfonamides 

ensymes of certain respiratory enzymes of the bacterial cell, and tLt 

coenzymes. However, other investigators beive that the host cell 

growth oTtr^ iMofflcient to support the 

growth of the invading organism. Thus, death from poliomvelitis 

virus, and especially paralysis, decreased in mice subjected to tlharain 

(cocarboxy ase) deficiency. Thiamin deficiency may Te rapidlyZ 

oZinofben“ iZtl 

may be efficient in producing a defiZncy h, Z flav“ "t 
pyridine for pyridoline; dZfZZtrtrinsZonTZtrr' 

phenylpantothenone and pantoyltaurine for paZhir a a ’ 

rZetedty fteld (38)" ^'■'>jeot“ 1; bee" 

Ifi^ btheZZarZu;!^^^^^^^^^^^ --Petitors. 

the enzyme, they do combine with them ZiiigZtt — Z" 

t“raZoZ"et^^^^^^ P~g 'irs o1 

tteir action on wellZflnedtZlca7g™ping*s'i?thZ* 

by traces of heavy metals has been known for enzymes 

was found that the enzymes sensitive to Hp years. Later, it 

eulihydryl groups necesZiy “ r acriZ Th'“ 

action. Thus, enzymes with 
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such groups arc readily oxi.lizod |’'j a protec- 

upper aeoclcvate the ox.da ton. .pee.fie suU- 

live action upon the^e cnz> me.. . • , reasents, such as tnvalent 

,,aryl inlub.tors are the jneveapt ,,, 

organic arsenoxl(le^ am p (mustard gas) as a 

Kinsey (41) „„tino- on its sulfhydryl group, 

very powerful inhibitor M 

Inactivation of the enzyme v _ ^ hicreased with 

fide increased with lnclea^( ‘ ^ ^ ^ was maintained con- 

stant. Many enzymes tha m^b . by the use oi 

inactivated by the action of oxidants may 

reducing agents. 


Enzymes with Sulfhydryl Groups 


.nw known to contain sulfhydryl groups 
The following 43 , J Acetate oxidase of yeast and bac- 

(reviewed in referenu ^ < invosin udenvlp>n’np'n>sphatasc o 

teria, adcnosinetriphosphatasc asclepain m of 

liver, alcohol oxidase f ^.as', bromelin, carbonic anhydrase, 

milkweeds, asc4epain .s ^ eerebrosidase. chohn- 

carboxylase of yeast, ^ 'VmnMo acid oxidase, esterase of pancreasc, 

esterase, chobne oxidasi’, ^ ‘ «-hydroxy liutyric oxidase, a-heto- 

glutaric oxidase, monoamine oxidase, myoknuisc, 

pancreasc, lysozyme, mahn^ (crude ami semi pure) phos- 

„leatc- oxidath.n oxidase, iihosphorylase of 

potato, pyruvate ^ succinoxidase, stearate oxidase of 

phate dehydrogenase, and urease. 

Enzymes vei.h Other Essential Groups 

Eofl Ercn found in popsin by 
E„cnt,ial pluuu.lic with i.cline into .lno<lo- 

Tlerriott (44), who converted ^ of active carbonyl 

tyrosin. Zeller (45) ‘^‘''''""^^'■‘‘^''[43 Aovmd, by studying t^ 
trSXuXS Xm enzy,ue, while tyrosine is an cssen- 
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tial group. Ednian (46) could not substantiate the more recent claim 
ol Sizer that tyrosinase catalyzes the oxidation of the tyrosyl residues 
of chymntrypsin, tryiisin. and jiepsin without decreasing their jiroteo- 
1} tic activity. Edman lound that, when the main portion of the non- 
piotein t\ rotine is removed Irom pejisin, the capacity of the prepara- 
bon to be oxidized by tyrosine is also mainly lost. Pepsin is instantly 
inactivated at the pH (7.3i of the reaction mixture, so that no conclu- 
^on as to the effect of tyrosinase on the activity of pepsin is possible. 
Trypsin is also very unstable at pH 7.3, being rapidly autolyzed during 
the incubation. 1 his results in the formation of non-protein tyrosine. 
Edman states that, m the case of chymotrypsin, there is no conflict with 
the explanation suggested by Sizer. However, the small quantity of 
o.xygen uptake might well be explained by the amount of non-protein 
tyrosine present in the chymotrypsin. Sizer (47) has found, by using 
protcinases from which traces of tyrosine had been removed, that prod- 
ucts of protein autolysis account for only a fraction of the total action 

of tyrosinase, and that the residual tyrosyl groups of the protcinases 
were extensively oxidized by the tyrosinase. 


Inhibition of Enzymes by Ionizing Radiations 

The primary reaction on the radiation of water is the splitting into 
hydrogen atoms an<l hydroxyl groups. In the presence of dissolved 
oxygen, there is also formation of hydrogen peroxide. Ionizing radia- 
lons may then inhibit sulfhydryl enzymes by oxidation of the sulf- 
hydryl groups by the hydroxyl group and hydrogen peroxide. 

Barron and a.^sociates (48) irradiated phosphoglyceraldehyde dehy- 
drogenase with increasing quantities of X-rays from 25 r to 500 r 
The dehydrogenase was half-inhibited with 200 r and almost completely 
inhibited u ith 500 r. On the addition of glutathione, the enzyme was 
eactn atecl. Previous addition of glutathione caused less inhibition 
Inhibition was a so d^played with y particles (polonium) and ^ (Sn^O) 
and y (radium) radiations. Other sulfhydryl-containing Lzymes 
such as adenosinetnpho,sphatase, urease, and succinodehydrogenase 

vvere similarly affected. However, inhibition of urease by y radSns 
could not be changed by glutathione. When a mercaptide-formintr 

compound, such as p-chloromercuribenzoate, was present the iirp« ^ 
was protected from y radiations. Catalase reduced the inhLtioTof 

it was found that half of the totL inhil^Lr^as broughfabout 
be almost comnWJv radiations could 
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Some Other Inhibitions 


Inhibition of Trypsin. As has been shown, enzymes may be inhib- 
ited by a great variety of compounds. The following have been found 
to inhibit the activity of trypsin: serum, plasma, charcoal, unsaturated 
fatty acids, tryptic digests of proteins, crystalline pancreatic trypsin 
inhibitor, crystalline serum trypsin inhibitin’, egg-white antitrypsin, 
cysteine, hydrogen sulfide, hydrogen cyanide, pyrophosphate, alcohol, 
formaldehyde, thymol, chloroform, toluol, alkaloids, glycerol, fats, 
sugar, asparagine, glutamic acid, glycine, leucylglycinc, alanylglycine, 
a number of inorganic salts, lecithin, heparin, ciuinine salts, urea, 
germanin tBaycr 205), azo dyes, acridine dyes, Congo red. X-rays, 
ultraviolet light, and bacteria (reviewed in references 42 and 49) . 

Reversible Inactivation of Trypsin and Pepsin. In the following. 


two examples of reversible inactivation of enzymes will be given. 
Here, the pH and temperature are the influential factors. Kunitz and 
Northrop (50) inactivated crystalline trypsin solutions at various pH’s 
and the temperatures below 37°. They found that trypsin may be 
reversibly or irreversibly inactivated. The reversible inactivation 
occurs whenever the reversible denaturization of the protein is brought 
about. The denatured protein is in equilibrium with the native pro- 
tein. An increase in temperature or alkalinity shifts the equilibrium 
towards the denatured side. Below pH 2.0 trypsin protein is changed 
into an inactive state, which may be irreversibly denatured by heat. 


This is a unimolccular reaction. The velocity increases with acidity. 

Trypsin protein is slowly hydrolyzed between pH 2.0 and 9.0. This 
reaction is bimolccular, and the inactivation increases with increase in 
pH to 10.0, when it decreases. At pH 2.3, there is maximum stability. 
At pH 13.0, there is also formation of inactive protein; this reaction is 
unimolccular. With increasing pH, the velocity increases. From pH 
9.0 to 12.0, some of the protein is hydrolyzed and some inactive protein 
is formed. At pH 13.0, inactivation is at the minimum. Decrease in 
activity was always proportional to decrease in tryptic protein. The 
rapid inactivation at higher temperature or in alkaline solutions is 
reversible for a short period only. The longer the solutions stand, the 
greater the loss in activity and irreversibility. Figure 4 shows inacti- 
vation at various pH’s at 30° C. and 0° C. 

Pavlov and Parastschuk (61) found that alkali-inactivated pepsin 
may be reactivated when kept in a slightly acid solution for several 
hours. This has been confirmed by Northrop (62) , using solutions of 
crystalline pepsin. He showed that pepsin solutions which have been 
completely denatured and inactivated by alkali (pH 10.6) could be 
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reactivated by adjusting the pH to 5.4 and allowing to stand for 24 
hours at 22° C. The reactivated material was recrystallized and had 
the same peptic activity as the original pepsin. 

For studies concerning inhibition kinetics, the publications by 

Michaelis and Menten (20) and by Moelwyn-Hughes (53) should be 
consulted. 



Antienzymes. Another type of inhibitors is the antienzymes 

s. Very powerful antienzymes maybe produced by immunological 
means. However, some enzymes (urease) are very tLic to anS 
and the animals must be permitted to build up a proper defense (anti ’ 

tenTeldirf ■'ecently writ- 

ten an excellent monograph concerning such problems 


preparation of enzymes 

The method to be followed in the nrenaratinn nf o • 

depend on the speciflc nee to which tL product wi , be p“ “toT 

strate the presence of most ensymes in a biolorical source^t T 

It by breaking up the tissue with a glass reT P 

active juice may be obtained by light pressing Brt””? ‘‘u “ 

a culture) may be collect by centrifuging. |hen suspTnde'tta wl™ 
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GENERAL CONSIDERATIONS 


they show the activity of many enzymes. For more serious work, it is 
necessary to rupture the cell that contains the enzyme. Kalnitsky and 
Werkman (55) use a method in which the mass of bacterial cells is 
ground with powdered Pyrex glass and the ground cell-glass mixture 
is extracted with a suitable buffer. Stumpf and Green (56) found that 
cell suspensions of Proteus vulgaris were rapidly disintegrated by 
exposure to ultra sound, wdiich was generated by a crystal-controlled 
oscillator operating at 1000 volts and putting out 500 watts. This 
enzyme material was employed as a source of (-amino acid oxidase. 
Other physical methods that are employed in the purification of 
enzymes are dialysis, electrodialysis, pervaporation, electrophoresis, 
ultracentrifugation, and chromatography (57). 

Since enzymes are proteins, they may be adsorbed by many sub- 
• stances, especially colloids. The adsorption method was employed by 
early investigators. It is based on the separation of a given enzyme 
or group of enzymes from extracts by adsorption on kaolin, tannin, 
charcoal, etc., or on a suitable colloid, such as certain hydroxides of 
aluminum, and the subsequent elution (freeing) of the enzymes from 
'• the adsorbent by weak alkalis, weak acids, or by phosphates. Cotton 
1 ; exerts selective adsorption toward enzymes (58) . Here, no contamina- 
1 tion of the enzyme material takes place. Butler (59) found that solid 
I yeast nucleic acid is a powerful adsorbent of malt amylases. The 
\ enzymes (a- and j8-amylase) may be removed from the nucleate com- 
V plex by dissolving it in a small volume of phosphate buffer of pH 6.0. 
McColloch and Kertesz (60) employed an ion exchange resin for the 
complete removal of pectin methylcsterase from commercial pectinase. 

Here the resin acts as the adsorbent. 

For the extraction of biological material, dilute solutions of alcohol, 
acetone, dioxane, glycerol, and acids, alkalis, and salts may be used. 
For many industrial uses, it is not necessary that the enzyme product 
j be pure. For example, barley malt, an important source of amylases, 

I is employed without being treated in any manner, and defatted, dry 
I pancreas glands, after slight pretreatment (activation, drying), are a 
I good source of trypsin and amylase. The latex of the papaya fruit is 

! merely treated with sulfite to activate it; after it is dried, it is ready 

i for commercial use. For most purposes, it is desirable that the extrac- 
I tion procedure be an efficient one and that the yield of the final product 
i be high. These results may be accomplished by selecting the best 
extraction method and proper cultivation procedures, by excluding con- 
tamination, and by rapid drying in vacuum at low pressure. Saturated 
solutions of neutral salts or organic solvents (alcohol, acetone, dioxane) 
^ may be employed for the precipitation of enzymes, provided that the 
activity of a given enzyme is not impaired by the procedure. Often, it 
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may be necessary to destroy cellular matter. Thus, for the prepara- 
tion of yeast invertase, plasmolyzing agents such as ether, chloroform, 
ethyl acetate, sodium chloride, or sucrose are used in order to liberate 
the enzyme. However, some enzymes have not yet been separated 
from the insoluble cell membrane. Many highly active enzyme prep- 
arations have been obtained by some of the methods just mentioned. 
Detailed descriptions may be found in the chapter “Production of 
Enzymes” and in the various other chapters. 

A very useful book describing the preparation of microbiological and 
other tissues for metabolic studies and the necessary manometric tech- 
niques has been published by Umbreit, Burris, and Stauffer (61). 

Crystallization of Enzymes. The purification of enzymes by crys- 
tallization had been initiated by Sumner in 1926, while studying the 
enzyme urease. Three years later, Northrop announced the crystalli- 
zation of pepsin. This was followed by the crystallization of other 
proteinases by Northrop and Kunitz. Many other enzymes were iso- 
lated in this way by other investigators. A few of the crystalline 
enzymes are shown in Fig. 5. 

^ The development of methods for the crystallization of enzymes has 

given an immense impetus to enzyme chemistry. This will be readily 

acknowledged by all who acquaint themselves with the present 

advances in this field of biochemistry. Dr. James B. Sumner and Dr. 

John H. Northrop were awarded part of the 1946 Nobel Prize for 

chemistry in recognition of their contributions to enzyme chemistry, 

and Carl F. Cori and his wife Gerty Cori received part of the 1947 

Nobel Prize in medicine for discoveries concerning the catalytic metab- 
olism of glycogen. 


I . It ^ ell -controlled conditions, 

reactions for a series of enzymes may be reversed. Thus a variety of 

esters, glucosides, and nucleosides (62) may be obtained by enzyme 

action Several carbohydrates are synthesized; others are phosphory- 

lated by specific enzymes. Polypeptides are readily formed from sim- 

pler compounds by proteinases (63) . New types of proteins are 

obtained when pepsin and trypsin are allowed to autolyze at pH 1.6 at 

It " Products are exposed to the action of pepsin 

at pH 4.0. The viscous pmtems that form are called plastein. How- 
ever, these synthetic proteins do not resemble the original enzyme pro- 
teins since they do not possess proteolytic activity (64) . Much of the 

resenTvoW.^ described in the 


Enzymes, being proteins, are exposed to 
the destructive influence of microorganisms. Toluol. 


sodium duoride. ammonium bifluoride; ^ehjdt^tnttthtmo”: 
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and other phenol derivatives are employed for the preservation of 
enzyme solutions. For ordinary purposes, toluol is most suitable and 
least destructive. It can be separated by filtration from the enzyme 
solutions. In any event, it is best to keep liquid enzyme preparations 
in a refrigerator when not in use. Brasch and Huber (65) have 
described an apparatus which emploj^s ultrashort penetrating electrons 
for the sterilization of foods, enzymes, yeast, antibiotics, etc. Most 
dry enzyme products retain their activity for many years. However, 
they should be sterile, or almost sterile, when processed for future use. 
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CHAPTER II 
ESTERASES 


The enzymic ester hydrolysis or ester synthesis proceeds according to 
the equation 


R-COOR' + H 2 O R-COOH + R'OH 


If in the above equation R-COOH is a higher fatty acid and R'OH 
IS glycerol, the enzyme responsible for the hydrolysis is lipase, e.g., 

ricinus lipase. If, however, R-COOH 
is any other organic acid, or if the acid is an inorganic one and R'OH 

a simple alcohol (aliphatic or aromatic) or a carbohydrate, then the 
reaction is catalyzed by an esterase, e.g., liver esterase, sulfatase, phos- 
phatase, etc. While the specificity of lipases and certain esterases is 
not absolute, the presence of an asymmetric carbon atom in the alcohol 

or acid radical has a pronounced influence on the activity of these 
enzymes. 


^ Esterases exert a selective action on a racemic mixture. This action 
IS called stereospecificity. For instance, pig-liver esterase added to 
df-mandehc acid esters would hydrolyze the d-form first If how- 
ever another dl ester was used, the I form was first hydrolyzed. ' . Pan- 
creatic (pig hpase hydrolyzed the d form first when added to the 
racemic mixture of df-mandelic ester, but when the d form and I form 
were split separately, the I was hydrolyzed faster (1 ) . Experiments of 
th.s sort are unlimited, since the number of esters is great An exten 
sive review of this subject has been given by Rona and Ammon (2) . 


PANCREATIC LIPASE 

obtained either directly from the pancreas 

Ule first to show (in 1856) that pancreatict e haXolvtr”t 

tmg enzyme. Later, it was definitely established aat'^ere wt^oX' 
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one such enzyme, tlie fat-lnnhmlyzin- lipase present in tlm pancrease. 

This lipase hydrolyzes true iats veay I’aihdh . , ^ i 

Preparation. Willstalter and Waldschmidt-Lcitz (3) obtained 

active hpase preparations by extracting, with water and glycerol, pig 

pancreas that had been dehydrated and detatted with 

ether. Click and King (4) employed 10 per cent chi iide foi 

the extraction of lipase from dry pancreatic tissue. 

more suitable for concentrating the enzyme than that of anv of 

earlier investigators. The lipase could be quantitatively remoN ed f i on 

the extract on saturation with magnesium sulfate. , • n 

Kinetics of Pancreatic Lipase. The enzyme does not require a 

specific coenzyme. Activation is brought about mainly by the buffei 
Sr capacity of the added substances. Certain concentrations of 
sodium tauiocholate accelerate, while greater concentrations inhibit 
pancreatic and liver lipase (5). It is impossible to designate any 
pecTfiroptimum pH for pancreatic lipase and a few other enzymes. 

Their opthmun pH depends strongly upon the nature « 

Lhonheyder and Volqvartz (6) found that and 

WdschmidUeii increased from 7 to 8.8 with increasing number o 
carbon atoms in the fatty acid component of the tnglycende. T 
substrates examined were triacetin tripropionin 

^y dro?;^is in alkaline and in acid medium. This - brough^^^^^ 
ntlf achts! The strong activation by calcium chloride results from 

buffers were employed and that lipase activity was detenmned by a 

Lfco—sl^y Jnd dropwise 0.4 — n^pH 

ipaintain bTJ^^de for spontaneous hydrolysis. 

range, correc i the kinetics of pig pancreatic lipase has 

pionin, tnbutynn, Hivalerin, proportionality betw'een substrate 

enzyme concentration is the same. 
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GASTRIC LIPASE 

This enzyme does not hydrolyze fats readily, unless they are emulsi- 
fied, like the fat of the cow’s milk and that of the egg yolk. 

According to Willstatter and associates (8), the pH optimum of 
gastric lipase differs with each mammal. It is at 6.3 for the dog, 5.5 
for the cat, 6.3 for the rabbit, 8.6 for the horse, and 7.9 for the hog. 
These values were obtained by using crude extracts of dry gastric 
mucosa. Schonheyder and Volqvartz (9) found that the optimum pH 
for pstric lipase of man (without CaCU) with triglycerides of pro- 
pionic, butyric, and caproic acids is 5.5 to 5.8 but shifts to the alkaline 
side with increasing number of carbon atoms (for triglycerides of 
capric, lauric, stearic it is 7.2 to 7.9). Upon the addition of calcium 
chlonde to the system, the lipase hydrolysis of trilaurin or tristearin 
at pH < 7.0 was activated, and the optimum pH was shifted 1.5 to 2.0 
pH units to the acid side. Tributyrin was split by gastric lipase with 
the greatest initial velocity, but the activities toward solid triglycerides 
was very small. In an acid medium, gastric lipase was very stable at 
40 . In VIVO experiments showed that only lower triglycerides were 
appreciably split during the test period (25 minutes). In children 

^^k fir ^ rapidly than woman’s 


RICINUS LIPASE 

Ricinus hpase was first described in 1890 by Green (10) in the 
germinating seeds of the castor bean iRic^nus comrnuL) Green 
found that this plant enzyme is a typical lipase, hydrolyzing true fats 
^milar to pancreatic lipase. Green’s findings hLe been^onfirm^d 

Its optimum pH is between 4.7 and 5.0 (12), varying slightly with the 
buffer employed. Longenecker and Haley (13) prepared ricinus lipase 
e1hratt4"^ by defatting the dehulled castor beans with petrolel 

method for the preparation of a highly active castor-beL lipase hat 
been published by Takamija ( 14 ) ^ 

the powder should not be inhaled. ' y y e preparations 
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I^Iethod for the Estimation of Lipolytic Activity (16, 17) 

1 The Substrate. In this test, 0.214 gram benzyl butyrate (b.p. 
10S-110° C. at 9 mm.) per 30 ee. of digestion mixture is employed or 
0 5 gram of olive oil may be used instead of the benzyl but> iate 
benzyl butyrate as the substrate, the speed of hydrolysis, at 40 C 
with various quantities of enzyme (pancreatic lipase , is piopoitional 

to the amount of enzyme added (zero-order reaction • 

2 Ox Bile Glycerol. To dried bile an equal weight of Matei 

added and the mixture is heated for 1 to 2 hours at 15 pounds pressure. 

is Illowlf to <lis,olve on the steam batln Several hours nray 
be necessary for this. The bile-glycerol solution may be stored in a 

refriccrator and warmed up whenever it is used. , r. m 

Procedure. In a 125-cc. glass-stoppered bottle is placed 0.214 gra 
of bensyl butyrate. To this is acKlecl 5 ec. of bile-glycerol soluUon 

Tad^'^re aellt Vnd tt b/.ti^l plaee.l in boiling water and shaken 
until the substrate is completely dissolved. Then the bottle is cooled 
under the cold-water tap while the contents arc being shaken continu- 

:sty. To the emulsion arc then ^ IS 

0 . 2 ! CO. of '3 per cent ^Tl 

volume of 30 ec. after the ensyme solution has been added. The sub 

stratc mixture is allnwcd to stand in a water bath at 40 C. unti 
Btratc iinxLu enzyme solution is 

=r Sc =-r;r, 

to 24 hours. 

LIVER ESTERASE 

..r-orr, csrzv’rfS szsi 
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simple alcohols, ethyl acetate, and ethyl butyrate. The optimum of 
liver esterase is between pH 6.7 and 8.2, depending upon the buffer, the 
substrate, and the source of the enzyme (19). Ruffo (20) found that 
dialyzed pig liver esterase was activated by traces of copper but not 
by other heavy metals. The ash of the dialyzate activated slightly 
better. Long dialysis, however, removed additional substances, which 
prevented reactivation by copper. Matlack and Tucker (21) reported 
that muscle tissues of the pig, cow, sheep, and fish contain a typical 

esterase acting on esters of lower fatty acids. This esterase could 
not be liberated from the muscle proteins. 

Preparation. All kinds of procedures have been tried for the puri- 
cation of liver esterase, without much success as to the concentration 
of the enzyrne. Pierce (22) obtained a liver esterase preparation by 
la ysis of a liver tissue extract and precipitation with an equal volume 
of saturated ammonium sulfate. The precipitate had considerable 
ac lyi y. ull saturation of the filtrate with ammonium sulfate yielded 
an inactive filtrate and an active precipitate. The precipitate was 
dialyzed until free of sulfate ions. The remaining solution was highly 
active. Kraut and Rubenbauer (23) state that they obtained by 
dialysis and adsorption a protein-free active liver esterase This find 

SLirr:£encr2 " 

SYM’S METHOD FOR THE ENZYMIC SYNTHESIS OF 

esters 

Sym (25) developed a practical and excellent method for the enzvmic 
synthesis of esters. He found that the sodium salts of bile acids and 

tion compounds with fatty acids, cholesterol, aromatic hydrocarbol 
etc., have an exceedingly great activating effect on enzymic ester svn’ 

produced. The degree of esterification 

titrating the concentration of acid with 0.1 iV sodium hydrotide (J) 
WaUr“C" “ <»• (0 by measuring the ester 

bnUylnhe ‘^eir soiu: 

acetone, and dried in the air. The dried tissue is 

for use. P and are ready 
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Synthesis of Butylbensoate. 7' 

c„„tain.„g 0.4OJ/ bcnzo.c acK ,,Hs 

TiXr 1^ :;' bu" acbis ,,sop,;-ed ox b.,e, y-e..o added. The 

inxtuee ,vas sbahen Jot 24 b-J-- ;jt;;:::f“rst31 M andX 
24 hours the toneejrlrat.o ,vhich the bile salt 

48 hours it w as 0.39 ■ P the ester formation was 16 

solution was substituted foi " obtained by using benzene 

times slower. Similar results may be obtained by u g 

instead of .^-’bonjtrac^^^ tetrachloride, 

eonfatoTab 3/ of butyric acid, ' 

the concentration of ester formed No es ei 

place when 1 cc. of water was used ^^^ers by this 

Sym and associates have ^ (26) synthesized wax 

method, and Rona, Ammon, and Fischgold y 

(cetylpalmitate) by it. 

tannase 

The enzymic hydrolysis Aspergillus 

Powerful preparations obtained valuable information con- 

nfger (27) . Freudonberg (28)^h-^obtmnc 

cerning the stiucture ^ ^^.j^brustcr (29) have prepared tannase 
tannase. Dyckerho selective destruction of the esterases 

solutions free from esterase, y ^ esterases, tannase hydrolyzes 

at an alkaline pH. " “f l;:a:at coltaining at least two 

only th..so esters that have an to the oai- 

phenolie, hy-ln.xy gr™p*- Non ■ a 

boxyl group. The alcol g ‘ oxidized benzene ring 

direct eoinbinatron hydredysable by tannase. Tannase also 

is necessary for an o-qllotannin and chebullinic acid. 

hydrolyzes m-digalhc acn , ‘ ^ tannase, esterase, and /3-gluco- 

Toth and Barsony (^0) sepa v jp method. The propor- 

sidase from each other ^ methyl gallate, tannin, and m-digallic 

acid was very /,„ter? of gallic acid and depsides were 

Tbrl':: ri:- byTL' Zo ensynre system. Glucogallin was hydro- 
liyzed by both ^-glucosidase and tannase. 
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SULFATASES 

These enzymes hydrolyze ethereal sulfates according to the general 
equation: 

ROSO3K + H2O = ROH + KHSO4 

Froinageot ( 31 ) divided sulfatascs into four groups: 


Phenolsuljatase acting on phenyl sulfate. 
Glucosulfatase acting on sulfuric esters of sugars. 
Chondrosuljatase acting on chondroitin sulfuric acid. 
Myrosulfatase acting on sinigrin. 


Phenolsulfatase occurs in the mold Aspergillus oryzae and in a large 

number of vertebrates and invertebrates. Glucosulfatase is found in 

many species of molluscs and in other invertebrates. Chondrosul- 

fatase occurs in a number of species of bacteria. Myrosulfatase may 

be prepared from horseradish root and from mustard seeds. Myro- 

sulfate, glucose sulfate, and potassium myfonate (33). Myrosulfatase 

esterases. One, myrosulfatase, splits off KHSO4 from sinigrin. The 

other, called thioglucosidase, liberates glucose from this glucoside ( 32 ) . 

Bacterial sulfatase hydrolyzes chondroitin sulfuric acid, saccharose 

sulfate, glucose sulfate, and potassium myronate (33). Myrosulfatase 

of horseradish and mustard seed acts only on the natural glucosides, 

such as sinigrin of the mustard plant. All sulfatases liberate KHSO4 

from their substrates. By estimating the bisulfate that is split off, or 

by determining the liberated ROH, the activity of the sulfatase may 
be calculated. 


Lecithinase A. The venom of snakes and scorpions, bee stings, the 

pancreas, blood, and rice hulls contain an enzyme that converts lecithin 

into lysolecithin, and cephalin into lysocephalin. In both reactions an 

unsaturated fatty acid is split off ( 34 ) . Cerebrosides, sphingomyelins 

acetal phospholipids, and lysophospholipids are not attacked 
This is a very toxic enzyme. ' 


Lecithinase B. This enzyme is present in heart, liver, spleen, pan- 
creas, and brain tissue It removes the remaining fatty acids from 
lysolecithin or all the fatty acids from lecithin. The end product is 

the glycerophosphoric ^ter of cholin, resulting in the detoxihcation of 
the hemolytic lysolecithin ( 36 ). 
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CHLOROPHYLLASE 


Chlorophyllasc is present in all plant tissues that contain chorophyll. 
The quantity of enzyme varies considerably in various pliant species, 
however, and is highest during May and September, when ^^orophyll is 
formed and decomposed respectively. Excellent sources of chlorophyl- 
lase are Datura stramonium, Heracleum spondyhum, Galeopsis tetrahU 

tZlfsilvatica, and macuUtu,. (y) Th.a 

the alcohol phytol C. 0 H 39 OH from chlorophyll A or chlorophyll B 
and exchanges It witli the methyl or ethyl radical, depending upon 
whether the enzyme digest contained methyl or ethyl a coho . T e 
green crystalline substance that forms is methyl or ethyl chlorophylhde^ 

Fats or waxes are not hydrolyzed by chlorophyllase. Th^ en^Y^ 

1 * -nrVipn freed of inorganic salts, it becomes lu y 

activTon Ihe addition of calcium chloride (38) . The action of chloro- 

nhvllase may be readily demonstrated by placing a slice of a leaf 
phyllase may oe y ^ covering it with a cover 

microsco ^ while, depending on the quantity of chlorophyllase 

n lent toe-ided and A-sLd dark-green crystals of ethyl chloro- 

phyllide may be seen (37). This enzyme has been extensively 
reviewed by Lambrecht (39) . 

PHOSPHATASES 

"tf "Ta^t^uJn ^rarhlt t 

metabolism, lactatm , d phosphocreatine, phosphoarginine, 

;:hrsp*erst 

''’'Tt has been suggested by Folley 

and (40) ■ These esterases are found in various 

. 7‘'°?lnralTssues an<i are abundant especially in mammaltan 

plant and a monoesters of orthophosphorio acid but 

disubstituted esters, Ph»sphonlonoestoas^^^ the most 
phosphatases, ™y be best known. It has an 

optimum pH of » ^ ^bat this phosphatase may be identr- 

Seotidasl Th. enzyme f " ollMltet 
rparate^frcl Z alLune one, using extracts of certain mammalian 
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organs, by selective hydrogen-ion inactivation (42) . The pH activity 
curve shows twp peaks, one at pH 9.0 and one at pH 5.0, with the maxi- 
mum at 9.0. (c) The third type of phosphomonoesterasc has an opti- 

mum pH at 3.0 to 4.0. This enzyme is found in Aspergillus oryzae (43) . 
(d) The fourth type of phosphomonoesterase has an optimum pH at 
6.5 and is present in red blood cells (44) . 

II- .Phosphodiesterases. This group of enzymes splits only one of 
the two linkages in a diesterified orthophosphoric acid, and further 
action of a phosphomonoesterase is necessary for complete hydrolysis 
of the diester. Rice bran and snake venom are good sources of phos- 
phodiesterases (45). Triesters of phosphoric acid are not hydrolyzed 
by these phosphatases. 

III- Pyrophosphatases. This group hydrolyzes salts and sym- 
metrical diesters of pyrophosphoric acid, such as sodium pyrophos- 
phate and phenyl pyrophosphate. 

IV. Metaphosphatase. This enzyme splits salts of metaphosphoric 
acid, such as sodium metaphosphate. 

V. Phosphoamidase splits N-substituted amido phosphoric acids, 
such as phosphocreatine. 

VI. Unclassified phosphatases. 

a. Lecithinase, splits lecithin, cephalin. 

b. Phytase, splits phytin. 

c. Adenylpyrophosphatase, splits adenosinetriphosphate. 

d. Hexosediphosphatase, splits fructose- 1,6-diphosphate. 


MAMMALIAN PHOSPHATASES 

Differentiation of the “ Alkaline ” Phosphatases (Phosphomono- 
esterases and Pyrophosphatases). Roche and associates (46) found 
that nearly all animal organs contain a phosphomonoesterase with an 
optimum pH at 9.0 to 9.5, and a pyrophosphatase with an optimum pH 
at 7.8 to 8.2. Both groups of enzymes were activated by magnesium 
ions. Cysteine in concentrations above 0.0005 M strongly inhibited 
the phosphomonoesterase of all organs, inhibited the pyrophosphatase 
of intestine and kidney to some extent, and had no effect on liver pyro- 
phosphatase. Oxalate and fluoride had no effect on any of the pyro- 
phosphatases at pH 7.8. Oxalate at 0.0001 to 0.01 M concentration 
strongly inhibited the phosphomonoesterase of bone and white cor- 
puscles, slightly inhibited the phosphomonoesterase of liver and kidney, 
and had no effect on phosphomonoesterase of intestine. Sodium flu- 
, pride slightly inhibited the phosphomonoesterase of liver and white 
l^prpuscles and did not affect the phosphomonoesterase of bone, kidney. 



esterases 

or intestine. Bile salts in concentrations of 0.002 to 0.1 M strongly 
inhibited the phosphomonoesterase of liver, bone, and kidney and the 

csterLe of intestine or the pyrophosphatase of intestine and bone, and 

they activated liver pyrophosphatase. 

Phosphatases, like a number of other enzymes, are acti\ ated by y 

low concentrations of a-amino acids and are I"'® f 

centrations. Bodansky (47) observed that the inhibition of pho 

phatases (bone and intestinal) by glycine depended to a very conside - 

aMe extent upon the availability of the eaeboxyl and ammo geoups 0 

vlvciL Erterification of the carboxyl groups, or introductmu of- 

Syt groupa into the amino radical, causes a .narked decrease .n 

inhibition. This paper contains a study concerning t le mcc lanism 

"atWn? oTthe alkaline phosphatases 

o,?nttirbo:^ and — “^ 1 ^ 0 ^^:; 

fref .toup, poss.bly lysine 

fs required fo? full phosphalase activity. It does not exclude however, 

the possibility that other groups may be necessa.-y for complete ph 
'*Ic“Ung''to Van Thoai. Roche, and Roger (49) the dialysis of alka- 

lirn^fT— 

ed .or^« - ^^tralr^Srrn 

Srca“aetivity. Metallic complexes of alanine participated m 

Si" d Kidney, van Thoai 

u"e rmCubiecting a beef-kidney »tract to fracfonal pre.p..at.on 

with acetone at 0 & ^t^^ “^hen dissolved in a small quantity 

was the substrate and a trace of ionic magnesium was added. Pyro 
Lo^ and Brock (Bl) described a method based on the incubation 
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of serum alkaline phosphatase with the colorless compound p-nitro- 

phenyl phosphate. On splitting off the phosphate group, the yellow 

salt of p-nitrophcnol is liberated. This acts as a measure of activity. 

The method may be used to determine both acid and alkaline phos- 
phatases. 

The Acid-Phosphomonoesterase of Erythrocytes. Paget and 
Vittu (52) found that in most samples of human erythrocytes there is 
only one pH optimum for the acid phosphatase system. This is usually 
at 5.6 but in some samples it is at pH 5.4 or 5.2. A few specimens, 
however, show a second pH optimum between pH 4.6 and 4.8. The 
activity toward a-glycerophosphate is much more sensitive to changes 
m pH than the activity toward ;d-glycerophosphate. These authors 
presume that two phosphomonoesterases are present. The enzyme 
system from corpuscles of normal adults, at pH 5.6, hydrolyzes a-glyc- 
crophosphate about 8 times as fast as /3-glycerophosphate. For chil- 
dren, the corresponding activity ration is approximately 6 to 1. There 
IS no correlation between the acid phosphatase activity of the cor- 
puscles and that of serum. Physiological concentrations of sulfanila- 
mide inhibit the action of the corpuscle enzyme system 30 to 35 per cent 
at pH 4.2 to 4.6 and 10 per cent at pH 5.6. 

Acid Phosphatase of Liver. Roche and Baudoin (53) found that 
the liver phosphomonoesterase having maximum activity at pH 5.5 

hydrolyzed sodium-^-glycerophosphate faster than a-glycerophosohate 

It was inhibited by fluoride and bile salts but not by thiol compands 
ammo acids. It was slightly activated by ascorbic acid and by 

ratfd pyrophosphatase may be sepa- 

pyrophosphatase did not act on glycerophosphates. Glycerophot 

strnnal '^“^'"hibit its action, but inorganic phosphates did It is 
Roche, Van Thoai, and Michel-Lila (54) found that or. 

from with » ooenzyme prepared 

possessed the same organic coensymc and that 

optima, and activation behaviors depended on the n PH 

(a^nsyme) and metals with which they combLd 

pdynul^Tu^'Z ^coZ^rr ■ b®“T-‘’'« and 

oi-a at .0, b.a, 
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with pH optima at 3.7, 5.8, and 9.0 to 9.5; and rabbit blood p atelets 

contain only one phosphatase with a pH optimum at 5.0. All t ese 

acid phosphatases are more active on (3- than on a-glycerophospha e. 

The reverse is true of the alkaline phosphatases (55). ^ 

The Use of Phosphatase Tests in Forensic Medicine. Riisfeldt 

(56) applied the acid phosphatase method of Gutman to the d^emon- 
stration of seminal spots in forensic medicine. The basis of the test 
is the fact that no other body fluid contains as much acid phosphatase 
as semen, the average being 2600 units per cubic centimeter. Riisfeldt 
found that, whereas the acid phosphatase content in no sample o 
semen was lower than 400 units per cubic centimeter, other body 
fluids never showed a higher value than 10 units per cubic centimeter. 
This article contains a large number of experimental data 

Phosphatases in diseases have been reviewed by Jaffe and Bodansky 

(57) and by Greenstein (58). 


PLANT PHOSPHATASES 

A “ very acid ” phosphomonoesterase similar to the acid phospho- 

monoesterLe of animaf tissues occurs in green and 

Its natural inhibition is general. It is, as a rule, inhibi y g 

Tipqhim ions but not in the presence of emulsin (69). 

Van Thoai, Roche, and Roger (60) showed 

rtWe oH-glycerophosphate at pH 3.8 to 5.6, with maximum activity 
at pH 4 7. It was almost completely inactivated by sodium fluor , 
OOofM and the activity was not restored by the addition of cal- 

eiuni or magnesium ^uC^n^ 

orTZirs'alt. This shows that fluoric 

foms a dissociable complex with the enzyme-magnesium or -calcium 

^-glycerophosphate and slig «y B^nioval of the molybdate 

S « Molyldate did no^Hib^- ^d 

of ;8-gluco8idase (from almonds) , yeast mvertase, barley y , 

Phosphatases. According to Schaffner and 
yeasr contains several phosphatases, the presence of which can 
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demonstrated by various methods. “Top-yeast phosphatase" is 
active optimally at pH 4 and hydrolyzes most phosphoric esters. It is 
not activated by magnesium ions and is 50 per cent inactivated at pH 
7.6 in 5 minutes. It is not removed from yeast by glycerol but is 
present in maceration juice. The alkali-.inactivated enzyme is not 
reactivated by hydrogen sulfide, hydrocyanic acid, potassium bromate 
cysteine, ascorbic acid, or iodoacetate, nor is the original enzyme’ 
attected by these substances. A magnesium-activated a-glycerophos- 
phatase with an optimal activity at pH 6.4, is another specific enzyme. 

fno glycerol and is destroyed by heating to 

? i f The heated preparation contains an “ alkaline 

T pH. Magnesium does not 

n fT' n f pH “'id point. 

Metaphosphate, triphosphate, and pyrophosphate are not affected 

Xfs then"7“T“;““ PyoPhooplinte. The optimum 

pH IS then 7, indicating the presence of another phosphatase 

I east also contains a pyrophosphatase which acts like adenvlovro. 

of orthoSor c 

acrf from cocarboxylase and is inhibited by thiamin (63) 

px^ar -t 

a£- : ufc zr “ c‘:s‘;t:;r^ 

f m f solutions. By this J^rocedure 

f f 11“ 6^it et“ er i 

phate, hexosediphosphate, NaPOg^NaoPo' ade^^ “-gjycerophos- 

were attacked. The 0X0^?? (0^16. b a dinucleotide 

phosphate was at 6.9 to 7.0. The activati^ ™ ‘''0''sanic pyro- 

rirr^oridi; e'uprti^Tnd r; Tt 

served two pH opW^o^e Tt at?f f^th 

split than the «-isomer. Magnesium ion!^ 

P-Aminophenylsulf amide was a we^lff 

Staphylococcus aureus and S albus nhn b inhibitor. Both 

optimum pH ,6 to 7). !■»<» .one 


action. 
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and hydrolyzr.l a-silycc i-nplmsiiliata more readily than the /? foim 

-ironalv inliiliitci I'y /(-ammoiilienyl.'ullainide. 


It 


W a r 


ADENOSINETRIPHOSPHATASE (ADENYLPYROPHOSPHATASE) 


Adeno>inetrii)ho.,.hat<' is one of the most important eonstituents of 
inu-fde ti^Mie. A lar>:e numl.er ot (diemieal naietions may be inhibited, 
vc.t museular eontraetioiis will .•ontini.e as lon,^ as adenosine nphos- 
pl,,te is pres.-nt. This sulistanee is eontimmusly ret;eneratcal at tlie 
..xpense of pho.phoereatima A.Umosinetriplmsphate is the last link 

;,,;,nneaVener.y stored m earbol.ydrates. The eatalyst responsible 
for this transfer of enmyiy is tlie en/.ynie adenosnudriphosphatasu 
Whereas ll.e hydrolysis of simple esters of plmsphoric aeid b> llus 
p|,n(a<.- is aeeompani.'d by the reh'asi- of only small quantities of f.ee 
nnernv lh<- hy.lrolysis of llu’ terminal phosphate bond ol adenosim 
, h. Jphate.'with'tlu. formation of ade.msinediphosphate and ortho- 

phi.' .hl.ri.- arid, is a.-eompani..d by the liberation of a ar,e anun.nt of 
fm- eneruv. Liim.ann tC.tll •••alls the pyrophosphate bonds of a.leno- 

"nrio 3 ln!;e sueh type of linLme. He ealls the phosphorie ester 
bonds .•n.-r,y-poor. 'Phe enzymie splittin^r of 

nther kind of eellular work, iiieludiiiK certain reactions in plants an 

hnctcriu ( 07 ). 


(.t< riH (0 • iluii niusrlo tissue is ciipnl^lc of removing 

^ 

Washed muscle tissue l.y.lrolyze.l only one phosphate group, and 

\ * iirtion \H a property of that this enz>mo ap - 


itZ™ Lto'a .1^ co,.t,.nti„n tluS (lu. pn.loin 

r,7 U. 70 per coot of 'ho ■> ' ,e«pon- 


.. , ^ rrfLo wnrkers Btnto that twice-rocrystalliaed myosii 


orystal- 


nvdrirvi and his collaborators (73) preparen myoma ... -y-— 

,i„? o™ Xc worker, .tote that twiro.rocry.^lU.ed -y"-" ^ 

ImJ W prov" dehnitely that -yf " ‘ d "view X^e? 

a number of other investigators do not hold with tins 
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N=C— NH. 



Fig. 6. 


(74) found that the usual myosin preparation is not a single protein 
ut contains a small quantity of a very active adenosinetriphosphatase, 

which is difficult to remove. Schramm and Weber (75) claim that 

myosin can be separated into four proteins possessing different sedi- 
mentation constants. 

From potatoes, Kalckar (76) prepared water-soluble adenosinetri- 
phosphatase 20 times as active as myosin per milligram protein When 
myosin was precipitated as a result of the addition of the potato 
enzyme solution, the enzyme became adsorbed on the myosin. 

SepamUon of Adenosinetriphosphatase from Myosin. Price and 
C^r, (77) have been able to aeparate myosin from adenosineTripho" 

phatase. Myosin prepared from rabbit muscle was precioitat^d q 
imey t 5° C., dissolved in Weber’s solution (0.6 M sodium^chloride 

for 3 hours against 0.5 saturated ammonium sulfate at pH 5 2 The 

triphosphate of pH 7.4 and precipitated by 4 Xmes of a^ewT'' 

dialysed in wLr for 10 hour” o gTve a soMon oT” '‘"f "" ““ 
triphosphatase 30 times more active per milligram^oTornf 

per cent of tL total proteim ^ 85 

me activity of the enzyme was increased 


f..- •• • • 
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by creatine, half maximal effect at 1.5 X M, but was not affected 
by calcium until the enzyme was reaclsorbed on myosin. Rat muscle 

contained an enzyme with similar j>roi)cities. 

The Specificity of Adenosinctriphof<phatase. Of a large number of 
phosphoric acid esters tested, only adenosinetriphosphate, inosinetri- 
phosphate, and inorganic triphosphate can be hydrolyzed by this 
enzyme (78). Purified myosin, repreciiiitatcd several times, splits 
only the terminal phosphate bond. This affords a method for the 

isolation of adenosinediphosphate and inosinediphosphatc (79). The 
activity of this enzyme is markedly increased on the addition of cal- 
cium ions. Liver and other tissues also contain an adenosinctriiihos- 
phatase whose action is several times increased by the addition of 
calcium (80). Magnesium ions, however, strongly inhibit myosin 
activity (81). Myosin is most active at pH 9.0, with a second but 
much lower optimum at pH 6.3 (81). This enzyme is completely 
destroyed if kept for 10 minutes at 37° C. The inactivation may be 
prevented by the presence of adenosinetriphosphate or adenosinedi- 
phosphate (69). 

PHYTASE 

Phytasc hydrolyzes phytin or phytic acid (inositolhexaphosphate) 
and its derivatives into inositol and orthophosphonc acid. The 
enzyme is present in grains, especially in the pericarp. The best 
sources arc the bran of wheat, barley, and nee. Considerable ciuanti- 

tics have been found in kidneys, Anpemllus oryzae, barley 
alfalfa Hay (82) found that between 86 and 100 per cent of the total 

phosphorus of wheat bran is present as phytatc. He postulated that 
phytasc provides the germinating plant with soluble phosphate. 

Flcury and Courtois (83) showed that, although many phosphatases 
will not hydrolyze phytin, no enzymic preparation hydrolyzing phytm 
has been described that will not also hydrolyze other phosphoric acid 
esters such as glycerophosphate. These authors found that prepara- 
tiom of wheat bran were able to hydrolyze phytin more rapidly than 
glyccrophoaphato. The activity could be fractionated, ^>'''>>"8 » 

rd anX preparatii waa obtained, hydrolyzing both substrate,. 

The last preparation hydrolyzed phytin more rapidly than glycerophos- 
phate bu^ activity could not be separated by further purification 

Inactivation rates by various methods indicate that a enzy 

is involved. The name phytophosphatase was suggested for th 
enzymes hydrolyzing both inositolhexaphosphates and other phos- 
phoric acid esters. 


<v 
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From alialia. Martin ami Doty iS4i obtained a phytase projiaration 
wlncli \va< 2(J(J tune- more aetive than tlie plant itself. The aqueoiH 
extract ni the alialia wa< precijntated with 3M ammonium sulfate or 
by a.lflmtt ethyl alcliol to 9U per cent concentration. The enzvme had 
an optimum /dl at 4,(1 to 5.4. depending on the nature aiul concentra- 
tion oi Puller. All preparations exhibited strony phosphomonoesterase 
activity fur .-o,lumi ttlyceroi.hosphate, but the ratio of activities toward 
phytin and ,dycerophu-phate could be channel yreatlv. imiicating that 
he two act.vitie- pre.-i iit in alialfa were due to two dilferent enzvmes 

nllrlVilT' '»"■ l-y.IrMly.H lyv ,|,o ,,|,v,aso wa'n 


CHOLINESTERASE 

Tl,c pl,ar,na....l„yi,a| „:,s ,li.«ov<.ro,l In- Ot(„ 

OK-«i. l,;y inark.d |,l,y,<i„|„|,ieal ,.nV, (s wl„.„ i„tro- 

•luo.'.l inlrav.-n.iii.ly int.> an animal. .\<atylcli.ilinf lakos pai( j,, 

ergTn ,vnr''‘'r7ii' 7' ''"'T'O'’' yl'-'in- 

'agur. ,l„. n„„.r n.rv.a. .k. l.ial muscle, ,l,e preganglinnic fibers of 

lying aecylcholine. Thus M n . ami cm Xs 'f I''-''™- 

..raual .ha, ,ho ...cific or ,ruc ” choCXl:, c^'i': ‘ p™ ni 

beninylcholine. The non-specific cholinesterase of ’ 
certain glands readily splits the e«ler iust '»o<l f^orum and 

tholineelerase, bu, no. ,he non-s,,ecifie esieras. h'.T i 

e«e.e„,„. than .he"; a!::!’fio'lX.rX"’!4„e ,sTfr’'"'7 
that a powerful esterase is nrr.«/>n* > observed 

hydrolyzes benzovicholine but does which 

i-med this enzyme benzoylchdinre^t/rLe 1 J 

the acceptance of benzoylcholine hydrolysis an ah 
pwudoeholinesterasc action. Sawx-er absolute measure of 

ebolincateraw ° — m ihouM he pseudo or non- 

whll activity UMa on botii aectyleholiM and”* ^7'’ "’"i""''*'™ 

(Mewk-a Meeholyl). ■“'y'yhol.no and aeetyi-p-methyloholine 

Naelunaunhn and RoU,n,be,* ,gg, . 
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question concerning the specificity ot the cholinesterase of the nerve 
and other tissues of several warm-blooded and cold-blooded animals. 
They found that the main characteristic of nerve cholinesterase is 
that no other ester is split at a higher rate than acetylcholine. If 
butyrylcholine is the substrate, the rate of hydrolysis is much lower, 
or it may be zero. Carbaminylcholine and benzoylcholine are not 
split. Esters of simple alcohols are hydrolyzed either very slowly or 
not at all. The other esterases, representing a variety of enzymes, 
show definite differences and may be readily distinguished. These 
enzymes do not split acetylcholine at the highest rate. The esterase 
of human serum is unspecific, and the esterase in the red blood cells 
is specific for acetylcholine. These findings confirm those of other 
investigators. Heart muscle also contains a specific cholinesterase. 
Nachmansohn and Rothenberg conclude, “ The esterase in all^ nerve 
tissues is either exclusively or predominantly cholinesterase.” The 

views of Augustinson (89) are similar. 

Inhibitors of Cholinesterase. Eserine (physostigminc) in quanti- 
ties as small as 1 gamma per 2 cc. of reaction mixture completely stops 
cholinesterase activity. Other esterases require much larger quanti- 
ties. Cholinesterase is also inhibited, but to a lesser extent, by com- 
pounds such as ergotamine and muscarine. All these inhibitions are 

removed on dialysis. 

Koelle (90) found that eserine, by combining reversibly with rat- 
brain cholinesterase, protects the enzyme against irreversible inactiva- 
tion by diisopropyl fluorophosphate (DFP) in vitro. The d^S^ee o 
protection varies directly with the concentration of eserine. This may 
explain how eserine protects cats against DFP poisoning. Of 19 other 
anticholinesterase drugs similarly tested, prostigmine and carbamyl- 
choline afforded marked protection. Pilocarpine, nicotine, atropine, 
choline, procaine, and morphine afforded relatively slight protection. 
Methylene blue, strychnine, atebrin, quinine, sodium fluoride, thiamin, 
cysteine, sodium p-aminobenzoate, acetyl-^-methylclmline, acety - 
choline, and curare (intocostrin) gave no protection. The protective 
property does not appear to depend on the potency of anticholin- 
Lterase activity alone but also on the ability of the compound to 
compete with DFP for a specific active group of the cholinesterase 

Crystalline Cholinesterase. Bader, Schiitz, and Stacy (91) de- 
scribL a method for the preparation of a crystalline serum 

serum, and^the procedure involved adsorption on foam. Barnard (92) 
believes that cholinesterase may be an iron-containing enzyme. 
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Enzymic Acetylcholine Synthesis — Cholineacetylase . 

The enzymic synthesis of acetylcholine was reported in 1925 bv 
bderhalden and Pafifrath (93) using an extract of the intestinal 
mucosa, and m 1934 by Ammon and Kwiatkowski (94) employing 
blood sei-um. It is now well known that nerve tissues synthesize 
ace y choline in vitro, and several groups of investigators have fur- 

nished evidence to show that the acetylcholine synthesis is brought 

Lvf J Nachmansohn and Machado (95) 

have extracted from brain tissue of the rat and from the electric organ 

of Electrophorus electricus an enzyme, cholinacetylase, which svn- 

esizes acetylcholine^ This enzyme has been extensively studied^by 

Ln “ T^e? interesting observations havl 

been made Their reaction mixture contains in final concentrations • 

OMnV Th ’ “"T Physostigmme 

.0017 M The source of enzyme is a cell-free brain extract of young 
rats or of guinea pigs. Acetylcholine is formed under strint ^ 

conditions m the presence of adenosinetriphosphate The 

requires 0.08 potassium ions, which is close to thatfound in mam! 

ma lan ram. The amount of acetylcholine formed is 100 to 150 
gammas per gram per hour. Two hours of dinlvS! o. 

cent of the original ensyme activity. Potassium, ctoic l(+) 

Svates 

Plctely inactivated^y aeere:iTch2t:;^^^^^^^^^ 

manner the two enzymes may be separated. The work of Nach 

expanded by Eeldberg and Mann (97) ^ ^ ^ ^ confirmed and 

Minz (98) reported that the dorsal muscle of th^ • .u 

cocarboxylase has an important function' in the f„“m\t“ n „f 

Lipton and Barron (99) found thst +lio 

anaerobically synthesises acetylcholinf is wato!”f 
etrtracted from acetone-dried nreoarationr 
cnsyme system, the presence of choliL a sutahl 

adenosinetriphosphate, and a coensyme presenr^ 

subrtrates are citrate%is-aLiZ and " !t“' 

thesis of acetylcholine consists of two syn- 

“ - '■ -ve .. acetate 
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or acetate. The second is the acetylation of choline by the “ active ” 
acetate. It is not known which of the two reactions requires the 

coenzymes (see also reference 100) . 
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CHAPTER III 

CARBOHYDRASES 

INVERTASE (BETA-FRUCTOFURANOSIDASE, SUCRASE 

SACCHARASE) 

Invertase is widely found in nature. The best source is yeast, 
from which It may be prepared in fairly pure state. Dry invertase is 
quite stable, and its substrate, sucrose, is inexpensive. The end prod- 
ucts of sucrose hydrolysis are easily determined. For these reasons, 
invertase has been extensively studied by many chemists. The name 
invertase has been coined because the sucrose solution, which is at first 
dextrorotatory, becomes levorotatory as a result of the formation of 

glucose and fructose. From one mole of sucrose is formed one mole 
each of glucose and fructose: 




Sucrose 

+ 

HsO 



-CHj-OH 


CHa-OH 


T 

Glucose + Fructose 



-CHaOH 


Hydrolysis of Sucrose by Invertase 

The Specificity of Invertase 

or!i::;Vr^:Lre.^V“re 

configuration and the 2,4 oxygen rine) of the ® (having a 
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linkage with galactose. This saccharide is not hydrolyzed by mold 
invertase but is split into fructose and mclibiose (galactosylglucose) 
by yeast invertase (1). Sucrose, being a glucoside built of the two 
monosaccharides glucose and fructose, is, of course, not suitable for 
demonstrating the specificity of the two enzymes. The trisaccharide 
gentianose (sucrose-glucoside) and the tetrasaccliaridc stachyose 
(sucrose-digalactoside) are also hydrolyzed by yeast fructosidase, since 
they are /?-d-fructofuranosides. 

Adams, Richtrayer, and Hudson (2), using several highly purified 
invertase preparations from brewers’ and bakers’ yeasts, verified the 
earlier findings of others, that yeast invertase splits the sucrose union 
in both sucrose and raffinose. However, activity ratios and optimim 
pH values suggest that inulin is split by a specific inulase, and not by 
the yeast invertase (/?-d-fructofuranosidase) as postulated by Weiden- 
hagen. Thus, one of the enzyme preparations had only one-tenth the 
inulase activity of the other two, whereas their invertase activity was 
not much different. These invertase preparations did not hydrolyze 

melizitosc (glucose-fructose-glucosc) and isosucrosc. 

The purest invertase preparations, from brewers’ yeast, contained a 
small quantity of bcta-d-glucosidase which hydrolyzed amygdalin, 
gentiobiose, and ; 3 -phcnyl-d-glucoside, but not ccllobiosc or lactose. 
Both brewers’ and bakers’ yeasts contain small quantities of a new 
enzyme, a (i-d-mannosidase, which hydrolyzed ^-phonyl-d-mannoside. 
Weidenhagen (3) denies the existence of a specific invertase, maltase, 
or a-methylglucosidase. Much interest had been aroused in his theory, 

but it has not found general acceptance. , , , , , j:,. 

Yeast as an Invertase Source. Most bakers’, brewers , and dis- 
tillers’ yeasts contain large quantities of invertase and there appears 
to be some even in lactose-fermenting yeasts. Saccharomyces albicans 
and some varieties of Saccharomyces apiculatus, Hansemaspora and 
Torula do not contain this enzyme. The invertase-free yea^sts have 
Ln employed to remove, by fermentation, monosaccharides from 
molasses used in sucrose production (4). Other invertasc-contaimng 
yeasts are Saccharomycoides ludwigii, Saccharomyces 

Sse and are unable to ferment maltose. These facts indicate that 
invertase and maltase arc two specific enzymes. 

/ 

The Distribution of Invertase in Nature 

The invertascs of other microorganisms than yeast nj^ been 

exhaustively studied. A variety of molds, such as Aspergilh, Mucors, 

and PenicilUa are able to produce invertase (6, 6) . 
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Kertesz (7) reported that Aspergillus niger is unable to produce 
mvertase unless grown on a culture medium which contained sucrose 
or raffinose. The invertase formed was proportional to the amount of 
sucrose in the culture, provided that the sucrose concentration was not 
over 30 per cent. The omission of potassium and magnesium from 
the medium resulted in a considerable increase in the formation of 
mvertase by this mold (8). Many bacteria of the lactic acid and 
acetic acid group produce invertase, but not all strains (9) . They are 
not, however, very good sources of this enzyme. Small amounts of 
invertase are also present in most higher plants. For instance, invert- 
ase occurs in the stem and leaves but not in the roots of sugar beets, 
his IS explained by the interaction of invertase with respiration of the 

p ant It supplies the plant with monosaccharides during anaerobic 
conditions (10). 


The mvertase of the honeybee has been frequently studied, because 
of Its function in the production of honey (11, 12). This enzyme is 

and in bf in its inability to hydrolyze raffinose 

and in having an optimum pH at 5.5 to 6.3, instead of at 4.8 to 5 8 

like the yeast enzyme. Invertase has also been found in Crustacea 

and in many other lower animals (13). Various tissues of higher 

animals were reported to contain invertase. Ingested sucrose, how 

ever is split by the mtestinal microbes, and parenterally introduced 
sucrose is eliminated by the kidneys as a foreign substance. 


Preparation of Yeast Invertase 

*>«'" tried for the preparation of invertase 

must be ruptured (plasmolized) in order to liberate , The Ir 
may be allowed to autolyze at room temperature until the yeast ce^k 
die and are partially liquefied. This is a very slow procedure 1 

be speeded up by the addition of toluene, so that within a short time 
iquefaction is complete. Various authors have used benzene »vl 

carbm tetrachloride, amyl alcohol, ethyl acetate, chloroform ’suLse’ 
or sodium chloride as the plasraolyzing agent. ’ 

Lutz and Nelson (14) obtained a highly active invpr+o.ra <• 

by a method based to a certain extent on seveml r yeast 

(autolysis, precipitation by alcohol kaolin adsn procedures 

kaolin with secondary amLnium pho"^^^^^^ 

adsorption of this on alumina elution wi+b L I ^ eluate, 

phate, ammonium sulfate treatment, dialysis) This^^^ sodium phos- 
protein and yeast gum tests (15) ^ ‘ ^ invertase showed 

Sizer (16) has prepared invertase by the adsorption-elution method 
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of Lutz and Nelson and found that by this procedure a 500-fold 
increase in activity above that of the original toluene autolyzate may 
be obtained. More recently, Adams and Hudson (17) described a 
simple method in which bentonite is used as an adsorbent. These 
invertase preparations were ot high and constant activity, and purifica- 
tion was as effective as when more involved procedures, applying 
fractional adsorption, were employed. The final preparations con- 
sisted mainly of protein and small amounts of carbohydrates. 


The Preparation of Commercial Yeast Invertase 

Grassmann and Peters (18) described the following method for the 
preparation of invertase from yeast. Two kilograms of yeast are 
treated with ethyl acetate for 1 hour at 40° C. The separated yeast 
juice is removed by centrifuging. The solid residue containing 70 per 
cent of tlie invertase is twice washed with ether and dried at room tem- 
perature. The yield is 315 grams. 

To obtain the invertase in soluble state, the insoluble preparation 

must be treated with proteolytic or certain amylolytic enzymes. A 
sample of 9.84 grams of dry preparation, when treated with 150 milli- 
grams of activated papain, released 83 per cent of the invertase in 
soluble form. Mold enzymes, such as those of Aspergillus oryzac or 
malt diastase, had a similar cfiect. Animal amylase, however, did not 

liberate the invertase. 

Neuberg (19) precipitates the invertase from its solution in the form 
of an adsorption complex, using calcium phosphate prepared from 
CaClo and Na 2 HP 04 . The precipitate is washed free from the exces- 
sive salts and dried at low temperature. The dry powder is said to be 
highly active. Acid salts, such as potassium 

trL or tartaric, mucic, or citric acid, serve as stabilizers of the dry 
invertase. The patent literature concerning the technical preparation 

of invertase has been reviewed by Neuberg and (20). 

Yeast Invertase Values. Sumner and Howell (21) reported the 
following invertase values for a series of products: Fleischmann s 

yeast, 994; Nectar Brewing Company yeast, 830; Difco invertase, 

^^S’lldurtrial Application of Invertase. The enzyrne invertase is 
employed in the candy industry to make soft cream centers by inva- 
sion of the fondant after the center has been coated. Sucrose form 
crystals readily. Invert sugar, however, as produced by invertase 
aSion from sucrose, remains liquid even in higher concentrations. 
Owing to the desirable properties of invert sugar, invertase is em- 
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ployed in the manufacture of cane and sorghum syrups. A British 

patent (22) suggests the simultaneous inversion and dccolorization of 

sucrose liquors by passing them through granular bone charcoal on 
which invertase has been adsorbed. 

Kinetics. It may be seen from Fig. 7 that the optimal zone for the 

hydrolysis of sucrose by purified yeast invertase is at 4 8 to 5 8 

although the decrease in activity on the acid side of the optimum is 

very small, even at pH 2.8 (2) . There is close parallelism for sucrose 

and ralfinose throughout the pH range. There is a marked difference 

between the pH activity curve for inulin and the curves for sucrose and 

raffinose. The optimum pH for the hydrolysis of inulin by the yeast 

mvertase preparation is at 3.2 and 4.0. This indicates that yeast 

mulase is a specific enzyme, not identical with /3-fructofuranosidase 
which acts on sucrose and raffinose. ’ 



5 cc. of mixtures of 0.2 M acetic acid anrl n 9 ^ or 

furnish PH values between 3.2“, 1 

„ and secondary sodinnr phosphates when a hi‘"her pH ™ 

, Thepr^ oT^r:::;; o(-rose. 

Nelson (24) and by Weidenhagen (25) ^ discussed by 

^olariseope, and is eaiied the ninre v^^'^ ^^i^t^dinl t 
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Wilhtiittcr and Kuhn (26), the enzyme preparation has the potency 
of 1 mvertase unit when 50 milUgrams have a tune value of 1, using 
25 ce of 16 per cent sucrose at 15.5^ This means that the purity of 
an mvertase preiiaration is expressed by the eiizymc^alue, or nuniber 
of units in 50 milligrams of enzyme preparation. The unit ol Eulei 
and Josephson (27) is the hwcniomjahujkcd (power of in\eision), 
where 7/ = ik X grams of substrate) - grams of enzymw Suinner 
and Howell (28, 29) iiroposo the dinitrosalieylic acid method for reduc- 
ing sugars for the estimation of invertasc activity, which would be 
much faster and simpler than the earlier methods. They use sucrose 
concentrations of 5 to 10 per cent to obtain inaximuni velocity of inven - 
a«e activity (30). In the digest of Sumner and Howell, no inoie 
"ieva* i* uld than is ncoassavy O ..Wain 10 n.imgva.n. ot ip'trt tugav 
by hydrolysis of 6 cc. of 5.4 per cent sucrose in o minutes at . 

Under these conditions, they found that the velocity is on y h" 
less than it is at 0 time. The reaction is stopped by the addition 
5 cc of approximately 0.1 N NaOlI, and the invert sugar is determined 

colorimetrically. By this method, the sucnise units are 

terms of milligrams of invert sugar produced m o minutes at 20 , at pH 

4 5 iN acetate buffer) . Other colorimetric methods may also be used. 


Inhibitors of Invertase 

Crude yeast invertase solutions are very stable. Purification gradu- 
•dly lowers the enzyme’s resistance, even when kept at a low tempera- 
ture Concentrated solutions are h'ss sensitive than dilute ones. Any 
tep' of purification results in some ilestruction of enzyme activity, 
^rlvertasl- solutions are most resistant at /dl 4 to 5. Dry mvertase 
nrimar-itions may be kept for many years without loss of ac ivity. 
Purified invertuse solutions are most raiiidly destroyed at an alkaline 

::lkali,u mislium. Thus, sucrose may be li>uh-.dy^l 
a nil of about 8 in the presence of NuoSO;!, hlgO, N.uTH .i, i > 
and Na..CO;., forming glycerin and acetaldehyde, or their proi uc s o 

■,» n,. ....y h, .u,y. ai,.o.u.L nigwy 

l,urin,..l invc laso, however. i» ral.i.lly .lestroye.l hy alcohol. U Im e. 

" orluUab le L prech-itation with alcohol. In onler to ayonl , eatruc- 
tion of Ihe invertaae, it iH beat to adjust th,^ autolyiiatea to pit 4.o t 
4 S iust before the alcohol is mldod. WorkinR at low teniporatnres is 
vifry desirable. An equal volume ol alcohol precipitates almost all the 
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invertase present in the autolyzate. By adding between 20 and 40 
per cent alcohol at first, some of the impurities may be removed with 
very little loss of activity (32). Purified invertase is irreversibly 
destroyed by alcohol concentrations over 20 per cent, with a maximum 
toxicity at 50 per cent concentration. However, no destruction of the 
enzyme occurs below 20 and above 80 per cent concentration of alcohol 
(33). Sucrose protects the invertase from the toxicity of alcohol. Six 
per cent sucrose reduces the inactivation by 50 per cent alcohol concen- 
tration to 1 per cent of the original activity of the enzyme. Crude but 
not pure invertase is reversibly inactivated by mercuric and silver 
sa ts, but on dialysis or removal of the heavy metals the activity is 
fully regained. This kind of inactivation is considerably reduced in 
the presence of sucrose (34) . Iodine, at room temperature, inactivates 
only partially at first. This fractional type of inactivation is instan- 
taneous amounting to 40 per cent of the total invertase. This is 
flowed by a further but slow inactivation. The phenomenon has 
been extensively studied by Myrbiick and his coworkers (35) It is 
believed that an lodine-invertase compound is formed, having about 
half the activity of the original invertase. It does not affect the active 
grouping of the enzyme molecule, since, on addition of an excess of 
sodium thiosulfate, much of the activity may be recovered. At low 
temperatures, toluene or thymol does not inhibit invertase; at 30° C. 
however, the inhibition by toluene is very considerable (2). 

Sizer (16) studied the effect of a series of oxidants and reductants 
on the activity of purified yeast invertase. Oxidation inhibits the 

ThTTeV^'^T'^-^ than the substrate 

The action of oxidation-reduction potentials on invertase are inde- 

pendent of the purity of the enzyme. Chase and colloborators (36) 

?? invertase that had been partially inactivated at 50° C 
regained its activity completely upon being cooled to 21*’. 

PotVMEntzATioN OF SttcKosE ny Bacteeia and dy Bacterial 

Enzymes 

Certain bacteria have the ability to convert sucrocp , 

saccharide levan ; others change it to the polysaccharide dext™'’i'n 

fermented to the usual end products. Phosphate onsl Ti 
to interact in these reactions, and monosaccharides a re + f appear 
in this manner (37). Leib^witz and H^strL ^ p” 

scheme for the polymerization-fermentation reaLonT 
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(n)Ci2H220u (sucrose) 

I bvdri>lys!9 


cHir 


(7l)CcHi-206 


(n) 


ioHisOc (glucose, fructose) 


1 


polymerization 


fermentation 


(dextran, Icvan) (CcHuOs)™ 


Y 

CO 2 , etc. 


This scheme 


has been criticized by Duodoroff and O’Neal (38) . 

SYNTHESIS OF LEVAN BY BACTERIA 
The fructosan Icvan is a wl,ito. am, .rphous powder with a melting 

po^t at about 200” C. and an -;P«» J„e„fand 

not reduce Fehlmg’s ' . . r> ^^sert I siicus , B. sxibtilis, 

B. volyrnyxa, ^^robacter 

s^rTse^^tL^solnUon turns opalescent and viscous. These 
properties are associated with the by inocu- 

For cent solution of peptone. The 

peptone is in phosphate buff sucrose in 0.25 per 

which is suspended J°nQO q Icvan concentration in the 

“SCe rrcASer Outs.e ^e ce.M.^o — 

iLTb-Ced bj — 7n. and the leva'n precipitated with ,5 per 
cent ethyl alcohol. 

SYNTHESIS OF LEVAN BY LEVANSUCRASE 

Heetrin and Shapiro (42) 

:“;n!e”( orZoltr— ) ^e fonowing hydrolytic and poiy- 

-|- [ievan] 

, („ + «.)raf8no.a + (a)H,0 -^ (» + »)meUbio8e + (n)fructose 

[Ievan] 
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where n and m are moles of substrate converted into levan and aldose, 
and into fructose and aldose, respectively; where [levan] represents 
the levan formed from m fructosidic residues of substrate; and where 
the above reaction products represent the total amount of substrate 
acted upon by the enzyme. Phosphate, adenylic acid, levan itself, and 
the dialyzable components of the enzyme preparation are not essential 
components of the levan-forming enzyme system. Reversal of the 
enzyme reaction, which leads to the synthesis of levan, has not been 
demonstrated, but its possible existence has not been excluded. Al- 
though living cells of Aerobacter levanicum ferment levan, the levan- 
sucrase preparation obtained from them contained no levan hydrolase. 

Duodoroff and O’Neal (38) reported on the preparation, from Bacil- 
lus subtih^, of a concentrate that, in addition to the levan-synthesiz- 
mg enzyme, also contained a hydrolytic enzyme that attacked levan. 


Enzymic Synthesis of Dextran by Dextransucrase 

From cells of Leuconostoc mesenteroides and related organisms sol- 
uble enzyme solutions may be prepared that convert sucrose to dextran 
In addition to th^ polysaccharide, however, free hexoses are also 
formed (43, 44) . Dextran is a water-soluble colloidal glucosan of high 
viscosity, strongly dextrorotatory, and is precipitated by alcohol 
Dextran may be readily produced in large quantities on various crude 
sucrose-containing media, or by employing the following medium (45) 


Sucrose 
Tryptone 
Yeast extract 

Dipotassium phosphate 
Water 


150 grams 
10 grams 
1 gram 
1 gram 
1000 cc. 


-d^n^ated^3o"“o" “ -'ta- of L. mesenteroides 

a incubated at 30 C. At the end of 48 hours, the solution becomes 

so viscous that it appears like a solid mass of jelly. 


MALTASE (a-rf-GLUCOSIDASE) 

Maltase is found in almost all plant and animal tissues Yeast 

1 here are two classes of TTiflltfl coo- 4. 

i«udo «-d.g.uc„,idases. Th. 
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cosidcs. The pccond group hydrolyze^^ maltose and those a-d ^luco 

"tparation edv «s;' MaUa se from Sucrase. Michael,, a,.d Roaa 
,iMv. .a aide te separate veaat ,«alta,c a„.l eucvaae by trea .ng yeast 
L.,ysate'ai.h haali,,. The haa.a, aas„*aHhc 

tar^st^r; l' al,.,,,!,,,,,,. a,,. bCte,. actab- 

is evashod. prcsscl, aad th^ is 

hundred thirty-two giam^ o ^ftev k hours it is filtered; 

neutralized with ammonium hydrox k. - 

,h,. filtcate c„.da.„s tbo 10 .nhueles 

er^Ttohul a'ut ^ of 130 ce. of water, the 

r~i;r-r 

- » - “ 

kept under toluene (49k Maltase. The principle of 

Preparation of Invertase I* r llu« lahilitxMif invert- 

thism(‘tli(Hl,assn{.f.csuci ny ^ CHmeentratum by a 

,,SC t„ I-Cd, icing agents such as Na,S,0, and 

new dialysis |.|■oc<•dn^^ ,li,,siasc is dissolved in 15 cc. of dis- 

Two grams of eomiiieifni ‘ hug, covered wuth 

tilled vvatxir. The solution is p ac •( < ugainst running 

toluene, and .lialyz...! at ,,hi..h is changed several 

tap water, and one day ,„„p„ces. The dialyzed 

times, until llic ,,,,1 mixed witli 0.3 gram of 

.nzyrne hoiim at room temperature, the hydro- 

H(, (Hum hydrosulfite. A _ running tap water 

sulfite is removed ' ^ water which'is changed several times, 

and one day against disti • .....U use activitv, becomes highly 

Till, dialysed snhilinn, showing 1 y ' ,, gainst 90 per rent 

dim,, cl. li >"“y n,c,i.od ,i.o 

ethyl alcdhol. ; ,;,aH„„,,'sohilion may ho enneentratod 

in 6 hours to about 3 (0. t'h • „,j. ,„altaso may be 

solution.” From the eoneen ^ ^ ubsolute alcohol, 

obtained by preeipita .mii wi^ i ,U-siecator. The 

centrifugation, and drying ov j „ „ , „ialtase activity of 

.mdtasii prepare, I'™ 3'", , v tasc .ctivity. 'Ht- 

the original preparation but is itcc 
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firms the theory that mold maltase and mold invertase are two dis- 
tinct enzymes. The present author has found this procedure for the 
concentration and purification of other enzymes to be very applicable. 

Kinetics. The kinetics of maltose hydrolysis varies with the source 
of the maltase. The reaction proceeds more slowly than the mono- 

molecular one. ^ For the estimation of maltase activity the method by 
Tauber and Kleiner (51) may be used. 

Synthetic Action of Maltase. The following is a simple method 
for the synthesis of a-methylglucoside from methyl alcohol and glucose 
(52) . In a 10-liter flask place 1800 grams of pure methyl alcohol and 
500 grams of glucose dissolved in 4 liters of distilled water. Mix. 
Add 3 liters of filtered yeast macerate (to contain 10 per cent dry 
bottom yeast) . Mix. Dilute to 10 liters. Allow to stand until the 
initial rotation of -|-5° 18' goes up to -f 11°. Bourquelot has obtained 
a number of similar compounds by this method. 


MELIBIASE (a-</-GALACTOSIDASE) 

This enzyme hydrolyzes oc-d-galactosides, such as melibiose (galac 

inoshJes'^^°^^ ’ (g^^actosidoglucosidofructoside), and /8-i-arab- 

It is present in bottom or lager yeast, in Aspergillus oryzae, and in 
many higher plants. Testing for melibiase activity may serve to dis- 


LACTASE (M-GALACTOSIDASE) 

Lactase W-i-plactosidase) hydrolyzes /3-gaIactosides. One ot its 
sybsteates /3-lactose 18 hydrolyzed to ^-d-galactose and ^-d-glucose 

flgnrata (Piginan) . Ebhmann and Lappe (64) found if to beTres nt 

may be prepared from the intestine of the fet„. It “ " 

Foa (56) stated that the adult mammal’s intestinnl animals. 

no or very little lactase. No lactase could be found inttrcowCr 

mary glands by Bradley (57) or by Kleiner and Tauter «8r a 

observed by Michlin and Lewitow (59) and bv Or.!* 

(61) examined the intestinal mucosa, which he strhined sT ', 1 ,^^" 
denmn or jejunum of adult dogs for lactase ri” 

. 5,; rr,;- " t 
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mtestinul iuioe from dogs A-ith Thiry loops and with extracts of the 
fresh dog liver. Maximum activity wos obtained ivith fresh, fine y 
Ir^nrtLuos. Liver showed slight activity. The juice from a Thiry 
foop of the colon did not exhibit lactase activity. These cxpeiimcn s 
show that lactose is hydrolysed before it is absorbed. Tfe si Sht 

activity of the aqueous extracts and the ir‘'’'oMorU62) has 

this enzyme is intimately bound to the mucosal cel s. Cajon (“I ' 

a 0 shown that the succus entericus, as a ‘.^tace" 

• ran i.aAnnrfnnoo since several enzymes are present only in traces. 

The major enzymic action results from direct contact with the mucosa 

at pH 6.4 to 6.0 (521 ; calf intestinal lactase ^ 

iacLse, however has its optimum at pH 7.0 (67) ; almond lactase, at 

r nurse Armstronc (68) found that hydrolysis of lactose 

byT frafoTthc htnr grain? follows - -"S 
molecular reaction and later decides. ® ™ . caj„ri with 

hy Willstattcr r siimation ol lactase 

also Cajori (61).) 


/3-QLUCURONIDASE 

Many organic 

,M) has chown tha^h^ 

mice ;crc fed ncenftol or borneol that in the 

content of liver, kidney, an ®P ® ovary decreased. When 

Ser^betr^e f‘ed, the uterine glueuronida.e inereaaed but 


1 
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the liver enzyme did not change. Mills (71), who studied the glucu- 

ronidase content of animal tissues, found that the role of the spleen in 

the metabolism of conjugated glucuronic acids is to break down rather 

than synthesize these acids. In the rabbit, 95 per cent of the total 

glucuronidase is contained in the liver and only 1.5 per cent in the 

sp een. In the rat, however, the liver contains 60 per cent and the 

spleen 25 per cent of the enzyme. The kidney contains only 2 to 5 per 

cent of the total glucuronidase in these animals. Mills concludes that 

e mportance of spleen glucuronidase may vary considerably from 
species to species. 

Preparation. Fishman and Talalay (72) have published the follow- 
ing simple and rapid method tor the preparation of /J-glucuronidase. 

drain f T ™ permitted to 

an from the carotids. The livers, kidneys, and spleens are rapidly 

mlTnt '’“h s<iP“ra‘ely and are homogenized with 

100 cc. of cold water in a Waring blender or in a glass homogenizer, and 

the homogenate is strained through cheesecloth (Step 1 ) The mix- 
ture IS acidified to pH 6.0 with 1.0 W acetic acid and is kept at 38“ for 
30 minutes The proteins that flocculate out are removed by rapid 

l"“tefrd anpernatanfi 

of saturated ammonium sulfate. The mixture is then centrifuged 

T® supetnntant is removed by suction and discarded 
Slduent IS dissolved in 20 cc. or more of water (Step 2) an equal 
olume of saturated ammonium sulfate solution is added and the 

anlkidl;: :nd™t1”^^t\tie™^ ^ 

two“ „?g:ns.‘'’ ^ Obtained trrZ; 


^-GLDCOSIDASE (EMULSIN, cellobiase, gentiobiase 

PRUNASE) 

intlTyerts^Srandtct^^ 

snails (ffeiu pomatia). The best source is swee ^1^8™ 
Specificity of /?-Glucosidase i 

sides, /?-d-xylosides, cellobiose (4-glucosT« duL^H^r^ ^-d-gluco- 
(6-glucose-)8-glucoside), and perhaps S ’ ^^"^'obiose 

heptosides. This subject is reviewed in re^Ta'Uld.^F™ 
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Quently used substrates are cellobiose, amygdalin (benzaldehyde 
cyanhydringentiobioside), and such simple ^-glucosides ^^utm’ 

equally’ fast by the ,-rf-glue„siclase. Some --j; 

culty requiring much more tune than others. This relatne speci 

ficity’” is influenced by the aglucon of the glucoside. ' 

fhan methyl glucoside. Orthocresol glucoside is hydrolyzed more than 
mimes falter by this enzyme than the phenol glueosiele. Numerous 

other cxamiiles may be found in the review by Helfcrich 
^Activators and Inhibitors. iS-Glucosidase of almonds is not m u- 

enfed by glutathione, hydrogen sulfide, or hydroeyarac 

Leh as sifver sulfide have a stabilizing action, whereas soluble silvei, 

opper Ind mercuric sails are toxic. Some oxidizing agents s^w as 

^ are very destructive (74). Aniiuo 

nium perehlra'ato an(l |iotassiura thiocyanate, however, har-e a 
Tctlvarg 0 ^ 01 . Lels pronounced activation has been observed w.th 

“ ptpation‘ of' "-'Glucosidase. Tauber (76) h.as described the 

Three iLilred grams of sweet almonds is suspended m water at 
roml temperature (or 2„ niinutes. The almonds are 

cally, dried in 7:,^ ,, extracted with three 300-cc 

a J'^VoZms of defatted meal is obtained. Tins mea 

rriZcled with 8(10 cc. of 33 per cent ethyl alcohol W atirrmg h.r 6 
IS extra 1 • I u ;« filtprod tlirouch filter iiapcr. About oOO cc. 

mmulcs, “[fat 'J ^ r|ip cc, of 9.6 per cent ethyl alcohol is 

"'ifr^he' ndtle^ZcZ off and'^^lried over sulfuric acid 

‘ room .o,np.'r„ture. The yield is 2.6 6™- Z, 

in solution of the dry immediately 

i„ solution may be „ mixture of several 

ndjuHtcd to V I 7.(b ‘ Helfcrich and associates published 

LZear;,!!!™ fm the purification of sweet almond ^-glucosidaso. 

Enzymic Synthesis of i 3 -Methyl-,;-Glucoside 

With the Aid of Emulsin (77) 

,,, the following 

Jirirlrlgldly TWO of finely 
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pow ered almond cmulsin is added to a mixture containing 40 parts of 

1 'olution. 120 parts jHire commercial methyl 

a CO ml, and 400 parts redl^tilled jHire commercial dioxano. The glu- 
cose gradually disaiipear- irom the reaction mixture. 

\an Thoai Roche, and Danzas (78l found that aqueous extracts of 

^weet almond contain a natural actn ator for the enzymic synthesis of 

^-inethvlglucoside. Tlie actuator i> dialyzable. subject to autolysis. 

and destroyed wlmn lieated at 100 (', ,\,r 15 minutes. It was obtained 

in purifie.1 lorin by alcohol jiivcijutation of dialyzates of extracts that 

were prey.oudy treated with lead acetate. This actiyator of eniulsin 
doori not activate ph(^^l)ha^a^es. 

d .fin ' r < of nvl,aln«. i. woU 

hlhn ' 'liso.vl.a, i.l.. , eli..'..si,l„glucosidc) 

irthalnsn not y,t knotvn, „„r I, a. tr.l.aloso I,,..,,, olaai,,.,! syntfiet- 
'Tn ' dro. H.nn vi r. allcm|ils at tlie shitlicsis 

a mtl ilH.I , |,r„,|uci y,,o,|, an, I e rtain battoria (80) 

Tre talosf ,* not ..plit by tnaltaH-, an a-nltn.osi.las,. ,81 1 

Myrbaft and ttm-nbla.l ,82, foun.l tl.at a variytv of yyasts fer- 

Sr "■ 'fT . .vast tlif opiitnutn pll fo,- the 

^al,|«> Itydrolysu was iHtw.ati 5 an.) 6. Tbf aulolvEod juice front 

pr«...d yeast contained trel.alase, wl.ici, possesses create,- stawZ 

than tlie jeast ntaltase. Fermentation experiments sbowed tliat treha^ 

^ was aeted u,n,„ only to the extent to wbicb it was bydroiysed bv 

menf.i*' was necessary; without it, the fer- 

moDtatJon wa« slight and sfoon ceased. 

Bl^h and Sullinan (83) prepared an extract of Bacillus tuberculosis 

but w “ ‘irt^ “rn7l;t- 

-id. pH with the on ..rmT “ 
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moidi, and butm, AmvlaaM hr.a«t w 

Undo* favorable conditiona the end n nd glycogen. 

pBeMad than thia sUte^ i^oli J T 
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proteins ninl otlicr luiknmvn substrates, enzyme aetion is used as an 

aid in striu'tui'e .•studies. 

If a small amount of amylase is added to starch paste, deereaj in 
viscosity disalipearanee of the eharaeteristic blue color nith iodine, 
and f-n-niation ..f rclucin, sugar (unaltoso) result. The fermaUon of 
malto^e niav be followe.l by measuring the increase m reducing powei^ 
These three (Tanges, however, do not always take place in the same 
order or at the same rates. Sometimes there is a rapu briuefaction, 
parallcio(i bv a slow maltose formation; at other times there is a very 

rapid formation of maltose Imt slow disappearance of th;;^ 

give a blue color with iodine. Because of these irrogulaiities, it h 

been assiiuK'd that there must be .several amylases. _ 

The properties of nnill amylase, because of ■'YTTr“ 8 ‘'hl’u-cte 
industry have been kiioivn for many years. As early .as 18 / 8 , M.u ckei 

nmed .bat malt, amylase must be a mixture of tivo components. His 
oliservation bad been conhrmed by many investigators. 

Stabcii ami. fli.yr:«m.N, Tiin Suiistr.atks of AMVi.Aar.s 

Starches Amylases (a or /J) act <mly very slowly on raw Y'''''”, 
Cooke, I .slarelH-s. bowever, am readily ''>'''''"';’;:”h^^Yfoftar ving 

rtri.::";:!:.;::! i=-Tt;u:‘:':i:b,: sicS 

procliiet., mmie solnbl,' by elnanieal tmatment, aecor.ling to I.mtnoi 

’ ilc'u-i.t on(> hundred years, many papers nave appeared 

differences being eheimeal a.s being 

inixtuni o . ^ ^ ^ ^ junyhises are the straight-chain 

'‘'"’' nls , st ar -lies e .ntaii.inE glueose nnits bound by a- 1 , 4 -gluoo- 
“"""'"Tl k'h The straight ebains contain Kill to 700 glueoso resales 
“im '’ 851 Aieor, ling to Meyer ( 84 , 8 . 5 ), ninykipiyms are built of 

r.,.!^git::i:iV;oii 

linkages. Ainylopeetins ‘'""“Y" , 1 „m gWen by Meyer ( 84 , 8 . 5 ). 

CoX Kltta., 
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to postulate a complex, highly ramified structure for amylopectin, such 

as that proposed by Meyer, to explain the facts of amylosis.” In any 

event It is not definitely known whether any one starch may contain 

more than two molecular species. Myrback and associates (87), who 

have examined the products of amylolysis of a wide variety of sta;ches 

concluded that they apparently are of the same, or very nearly the 
same, constitution. ^ 

Glucose however, is not the only constituent of starches. When the 

various starches are purified by non-hydrolytic means at low tem- 

peiatures, and then are completely hydrolysed by dilute hydrochloric 

acid appreciable quantities of phosphates, fatty acids, nitrogenous 

ubstances, silica, and other materials may be recovered. Thus potato 

and wheat starch yield large quantities of phosphate ; corn yields fatty 

acids, ammo acids, and occasionally silica; rice and wheat yield nitroe- 

jus substances. Other starch-containing plants yield sma7am„rte 
of magnesium, iron, sulfate, etc. (88). 

Glycogens. These polysaccharides occur in almost all animal cells 
and in yeas , which at certain metabolic phases contains larg'amlnts 

(Anodonta). Glycogens yield glucose on hydrolysis. These nolv 
saccharides give a red-brown, or red-violet color test with iodhl 
p Slum iodide solution. Glycogens consist of highly branched 

aT4-7„l77Tn 'reunited by 

Glycogens are much more stable compounds than starches Rn7h 
polysaccharides are hydrolyzed by amylases 

In most enzymic starch structure studies ’ onlv « /? 

rd“Sal 
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a- Amylase. The dextrinogenic or a-amylase of mnl+ori u i 
other germinated grains, certain molds and +bp “^Ited barley anc 

some bacteria cause marked decrease of the ’ saliva, and 

The final hydrolysis productsTv^ n?cor^^^^^^ 
iodide solution. a-Amylase produces dextrinlikp ^°^“^-Po*^assium 
little maltose. Most of the redupimr k + ompounds and very 

loalt u-amylase are 

aa tri- and tctrasaccharidee. containing 7" I°6 eT 

were reported to be among the end p.bd*c“of7!^:« 
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a-Amylase of malt splits the araylopectin of starches to dextrms of 
^ix or seven glucose units, whereas ^-amylase action results in hig - 
molecular-weight dextrms. .-Amylase apparently acts ! 

bonds accumulate when amylopectin is the substrate (91) . The hque 
faction as caused by all a-amylases-containing products, is probably 
brought about by a-amylase. All these enzyme preparations, however, 
" pChlses, and some investigators believe that the phos- 

pLtes (92) . It had been suggested that glucosidases may also interact 

” that the dextrin-producing ability 

of ariaae" is not a spcoifie function of «-amylase. Their conclusron 
was based on the observation that the addition of /3-amy ase o 

mixture of staich and « amy 
the achroic point with staicn iiuiu 

:-t;rd rr^n n„ e„ect 

Wase "t"™' is present in resting grains, in most seeds, 
is completely split by / 3 -amylase .x , S-amylase, 

/ 3 -amylase (97). 

METHODS rOR SEPauaTINO a- (Dn)XTRirv™<l) from H- (SACCHARlFyiNG) 

Amylase of Malt 

, Ohlsson ,1.8) and Norland O^on 

separation of and the acid lability of .-amylase 

Most of the ^-amylase may b d ^ J Bringing 

S"o"’t„ 0" c. and adjusting the pH to 3.3 with hydroch.oric 

acid destroys most of ti,c two amylases by fractional 

2. Van Khnkcnberg (IM) sM»rnte 1^^ 


precipitation with alcohol. 
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tration of the extract 60 per cent. |.reeipitat..H II, e e-a,„vl.ase Fn.'the,- 
addition of alcohol, to 80 per cent concentration, pri‘cipitalea a inixture 

"amylase ™ ™' 

the « comoonent TU „ “-“"'ylta' ■■email, ed in aolulion free of 

solution. ^ ^ «■• citrate 

fret tfTatwitl.'t''''"; “'r ""'P-'"'"' ff-fylare 

ree ol a-aniylase by fractional |,reeipi(atio„ of barley malt will, 

wZZTortr '""r"''’ l>>-«'ipitation 

than th^':' antir 


Preparation of /3-AmyIase from Barley Malt 

ptertf^ trr 

considerable educational value and should be discussed in t' mt dlt.liT 

with arotii :uTfa:, 

tion with alcohol. It had much itghe, It rgtt" 

pr^ously reported malt amylase. Liiers and sX, f lM m ^T' 

Hbet: SthatSt''' ^ 

of activities and found that tothf ' TT 'yP« 

fractionation, the precipitates which are XtyL”"'"'"''','" 1 T''"'" 
centrations are high in amyloclastic activity xte ' frte'tf 7', 

judged by their maltose-forming action B , 6'’* “'‘‘'■“y when 

tions have about 30 times more amvlnp'lfl«f frac- 

malt extracts, and that the separation does n original 

material. This is the first ti^ fh A m ^ ^ ^‘^tivo 

two kinds of malt amylases have been^ ’ ^ P^’^'P^^rations of the 
a single source. Both Le of proSn 

of the hydrolysis of starch by the two tvoes 

The reducing values of the digest mixtilT ^“^^ase preparations. 

plotted against time. The pH was 4 5 ( 2 ^’ maltose, are 

acetate at 40°), which has l^enTold bl cl 

be the optimum pH for both amylases It ol k ^'^"^beling to 

y ases- It can be seen from Fig. g 
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^ 1 

that the two tyiics of amylases ly ^lonned rapidly at 

of Fig. 8 represents the ca^e ii ^ ^ then increases only 

first (/f-amylase), soon reaches a ^ niallosc appears 

slowly. Curve 2 represents the p„^gcr ta-amylasc) . 

only slowly at first, hut its 01 ma ion ^ iiyjvolysis, as 

The rapid maltose iiroduction ii ^ ..^ disappearance of 

represented by curve 1, is ,,.pieh 

iodine. Thus, if the iodine test alone 
were used, the observer would reach 
the erroneous impre.<sion that tlie 
preparation is low in amylolytic ac- 
tivity On the other hand, the slower 

,n,iitose formation, as affected by the 

second type of amylase, represented 
l)y curve 2, is accompanied by tlie 
rapid disappearance of products that 
mve a blue color reaction with iodine. 

Curve 1 represents the follo\\ mg 
results: blue color with iodine at 30 
60 90 120 100 IHM „dniites and 100 milligrams of malt- 

Time in minutes 



Yvi. 8. CV)urs(‘ of hydroly^ifi of 
starch l>y *■"'(> types of malt amylase 

pn^purjit 


osc per 10 cc.; nearing the red cm 

point with iodine at 1300 minutes and 

l.h4 milligrams of maltose per 10 cc.; 
no color with iodine at 2700 minutes 

and 187 milligrams of th!'^following oxperi- 

iLcroliaU yioW " 30 ,ir, ...illipa,® of 

mi'iit: in 4.'>iniimics :in(l 85 

10 o"" WJ "'OliKr-- ..f .n.lU«' l..n- 10 O' 

„myl»* prcp.u-aUons 

The “ Starch-Liquefying En y viscosity may take 

„„ very .>r,l,ivc in |i'y' f rclurinR power nod iodine test 

place before any ( is an . - pn,.iv as 1911 that there may be a 

occurs. It was suggested, as y ^„d 

specific liquefying amylase (106). supiiort of this view. 

?ho «tra8ta nw'hdcd in the tnl.lc were ohtmncd 

r,,n,n lempeniture for 1 honr. “ ' , ,,,„,„i„i„|. 0.6 

a second exlrnet w»« prepared with 100 re. 

gram of sodium chloride. 
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TABLE VII 


STAHCiI-Llgu.OKYI.Na AM> -SACCHAHIFVINa PoWKH OK SkJODS 


Liquefying Power 


S;ief!Hirif3o'ng 

Power 


Seeds 

Soybeans, Maninioth Yellow 

Cowpeas, blaek-ciyo 

Peas, Henderson’s New Juljilant 

Beans, Scarlet Runner, pole 

White lupines 

Lentils 

Japanese buckwheat 
Kefir corn 

Rice, Blue Rose 

Field corn, Now Eureka Dent 

Field corn, Flint Longfellow 

Sweet corn, Golden Bantam 

Sweet corn, Stowell’s Evergreen 
Spring lye 

Oats, Storm Kng 
Barley 

Malted barley 
Wheat, spring, Marquis 


widiout 

with 

without 

NaCl 

with 

NaCJ 

Ni.CI 

N.'iCl 

"L. 

"L. 

4.00 

4.35 

i2I 

115 

1.15 

0.90 

Jnaclive 

0.30 

1.00 

Inactive 

* 

0.10 

1.25 

Inactive 

» • 

1.25 

2.10 

Inactive 

» < 

3.20 

3.00 

Inactive 

• * 

0.90 

1.35 

Inactive 

• • 

4.35 

4.00 

Inact ive 

• 

2. CO 

3.20 

InacI ive 

9 • 

2.10 

2.75 

Inactive 

• 

1.05 

2.10 

Inactive 

« 4 

1.40 

2.35 

Inactive 

• • 

0.25 

0,05 

Inactive 

• 

5.75 

7.80 

67 

• 

7<) 

0.90 

2.30 

1 

2 

07 

3.45 

5.40 

64 

90.0 

104.0 

160 

3.40 

5.15 

78 

4 « 

96 

Enzyme. 

On the 

basis of 

car] 5 nr 

-Leitz and Maver fino^ 


Ihe enzyme is said to produce a morkoH foil • 
paste, followed by release of bound phosphorus” Ind ""only ”1 

bZri w1tT:h~ ^ changes^couMnt 

phosphatase showed a similar liquefying 

Mayer and Klinga-Mayer ( 92 ) foiinrl iFqK i 

ity paralleled the glycerophosphatase actiyitH^s 

are identical. They found that bLley also cnn+1-^ enzymes 

phosphatase in addition to the saccharifying am^ ' 

phosphatase reached its highest actiyity when the emLn 
to deyelop. ^ embryo commenced 
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1 1 -RV h nin^ studied the dextrinizing and liquefying 

,.t amyl..os trnm ‘ They found 

that, when extracts ol the t i c > substantially 

equal (Icxtrinizino ac m > , x; qt^g^yerc equally affected by beat 

the same. Similarly, the i\o ^ Calcium ions tO.05 iV CaCH) 

,50^ to 75= C.) and by pH changes. destruction, 

were found to protect both dextrinization of starch 

They c.nclude that both the “h ‘ ^.amylase. Although these 

tests would have feuppoitcc t ^ dextrinizing and 

iKpiefying activities of 

Tliesc investigators found th ^ enzymes were not 

lent a-dextrinizing umoun s o bacteria, and molds are a 

cfuperimposable. The tively in their action on starch. 

,„ut l.„uef udion is a funcium f -•""^^iureh should be further 
that sonic I.hosphatascs a'^ , prepared free of 

explnred, since most phosphatases y 

“-Kr,:rho, has reported that so,.bu,n 

to - and ft-aatyiaso, aniilhru enry c , ^ 

This n.'W enzyme is said to Po 
to fermentable sugars. 


The Iodine Color Reaction 


...roylase eonyerts soluldo stareb - 

Ihu theoretical maltose ^ ™ „ blue color, and somet.mo 

howtiver, tlie dexlnn that is p, OO per cent. A small 

dextrin. The iotlinc -a-h "j; amylases on the 

Hopkins (113)* 
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Factors Influencing Amylase Activity 

The activity of amylases may be influenced by many factors, such 

as various salts, amino acids, and lipids, by reducing and oxidizing 

agents, and by the usual factors that govern catalytic reactions (pH 

ten^erature, reaction products, etc.). Calcium ions increase the’ 

stability of malt «-amylase and decrease the stability of malt /f-amyla.se 

(114). These effects of calcium ions are not noticeable during the 

early part of the reaction. They become evident when loss of enzyme 

activity (mostly) occurs, after continued enzyme action. Specific 

amylase inhibitors have been isolated from grains (see “Amylase 

inhibitors ). ^-Amylase from barley and malt requires free sulf- 
hydryl groups for its activity (115). 

The Effect of Heat on Amylases. Pure amylase solutions, like 
solutions of other enzymes, are less resistant to heat than crude extracts 
The substrates of amylases have a stabilizing action. Barley mait 

s“o'3 Tb' of the same 

depend on the duration of exposure to heat. L coLentralirlf "i" 
ubstrate, the pH, and the ratio of a- and yS-amylase in the malt In 

IS not desired. Conversion is carried out in short periods in order to 
preserve the amylases for action during the fermentation period to 

etc n “T; el:Zior' TTeT^" b 

ty in lermentation. The brewers, however, destroy the amvl 

least tpe? eXube " ‘'’“f ai 

ast dO per cent of the original unfermentable carbohydrates. 


Pancreatic Amylase 

pancreas. Beef anVlhertn^aTtpo™ pa'“‘ ''‘’® 

rres r ortVr-dr^ = 

it liquefies starch pastes chandriD- ^^’^°Senic amylases. At first, 
give a color with iodine. Some red^”^ “ostly to dextrins that do not 

weight than maltose are also formed'"'' Thes?^"^^ molecular 

able by yeast ( 116 ). Pancreatip nrri i ^’^gars are not ferment- 

fast. Reducing values increase ranidf soluble starch is 

on soluble starch. This type of hvdr ^ amylase acts 

amounts to 50 to 55 per cent of the^thc^ ^ T reduction, 

- M... :s; 
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crcatic aim-la.^' IikI^ maltose has been formed. 

^vhcn abovit lo pei cent ^ ^ investhnitors, has been con- 

This value, reported by pancreatic amylase 

by Bh..n, Bak, ““ J Vo ucu^ Jox.r.na (vu.a starob. 

and .nalt a-a.oylaso “ o. t Oy of 0 gtaooac units (91). 

These dextnns are made up, almo^t cntiu ly, oi ^ 

The Influence of Salts upon the Optimum #H of Amylases. 

Other Activators 

.u fn observe that animal amylas^es become 

Nasse (118) was the first to obs 

more active in the presence p.eommg active again 

panctoatio .a.nylaso loses .fs - "^".""it aluylaso docs not do, .on.) on 
on the ndililion U sa p T.rording to Haohn and Solnvo.gatt (121). 

mnylase, (122), work- 

i,pf under carefully j:;;^^;Vs arc not essential. Sherman, 

activity of imilt ^’''^;^‘|"23""found that the effect of neutral salts on 
Cuildwell, and Adams (123) purity of the en/yme but 

pancreatic amylase Neutral salts arc necessary to the 

,,,ivity of iiancreatic the most effective, and the 

,„,.B„it„do of ''p’;' '"Tlrl 1 NnONS, Nnb. No olloct on tho 

KOI, l.i«. Nnllr, NnNO:,. NnClO.,, N.d, 

Virtrildn-d'obdr Uint (mdt tuny.i;se and panomatlc amylaso 

„ro ilistinolly at 4.3 to 4.0 in 0.01 M aoctato 

Malt Iiniylasos liavo . Vrtivity Cndor siinilai-mndilaais, 

l,„|Tor at 40" fot optinuim ;dl (124). Oon- 

thc iloxtrinisins action has a >o t Caldwell, and Dale (>20 

,„„.y to earlier ” ,„»m the activity of ,.iincreat.e 

showed that pliospl.ale has no inn, , 

•iinvhise. Bhennan, ('al(U\‘lh nnd the oiitinuil conceniia- 

'of salt concentrations on Tabic VIII shows that the 

lion of each salt at the opln ium 7 . ,„„ooni,,.ation is increased 
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however, was without influence. Thus, the optimum pH varied from 
6.3 to 7.2. The dependence on these conditions is much more pro- 
nounced with pancreatic amylase than with other amylases. In con- 
trast to the optimum of plant amylases, that of animal amylase is 
closer to the neutral point. The amylase of Aspergillus oryzae is most 
active at pH 5.3 to 5.5 in acetate buffer (128). 


TABLE VIII 

A Summary of Results with Different Salts Showing the Interrelationship 
BETWEEN Concentration of Salt and Hydrogen-Ion Activity (Expressed 
AS pH) IN Their Influence upon the Activity of Pancreatic Amylase* 


Concen- 
tration 
of salt, 
M 


0.0005 

.001 

.0025 

.005 

.01 

.02 

.03 

.05 

.10 

.15 

.20 

.30 


Most favorable hydrogen-ion activity for pancreatic amylase in 
the presence of different concentrations of each of the following 

salts, pH 


NaCl 


6.5 

6.7 

6.9 

7.0 

7.1 
7.1 
7.1 
7.1 
7.1 


KCl 


7.0- 7.! 

7. 1- 7.2 

7. 1-7.2 
7. 1-7.2 


NaBr 


7.1 


7.1 

7.1 


7.1 


NaNO 


6 . 6 - 6. 8 
6.9-7. 1 


7. 0-7. 2 


NaClOs NaSCN 


6.5 


6.9-7. 1 


7. 1-7,2 


6.9-7. 1 


6.5 

6. 7-6.8 
6. 7-6. 8 
6. 7-6.8 


NaF 


6. 3-6. 7 

6 . 6 - 6. 8 
6 . 6 - 6. 8 


of acid and alkaline sodium phosphates corresponding to a total concentration of 0.01 
M pnoepbate were present in all cases. 

Myrback (129) reported that the pH-activity curves of pancreatic 
amylase are identical with those of salivary amylase, in the presence 

, ■ . , ^^1^ amylase is more 

active in the presence of NaCl (120), and dialyzed salivary amylase 

IS completely inactive on dialyzed starch (130) 

Roche, Van Thoai, and Driri (131) found that pancreatic amylase 
^wty on wheat starch, potato starch, and glycogen is accelerated 
100 to 150 per cent by alanine, 10 -t m, or cysteine, 0.003 M. The 
simultoeous addition of magnesium sulfate, 0.001 M, with the amino 

“'“"V fold. The action of cysteine 

f n* “f pH in the range 5.6 to 6.8' ZnSO. acts 

like MgSO, m the presence of cysteine, but not in the presence of 
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.laninc; alono it ia slightly inhibitory. The amylases of wheat and 

barley arc inhibited by ccsteiiu, ^ ' Caldwell and associates 

CrystaUine agnoous alcohol 

b r'r’hbh iv b at iticrca.tc amylase in erystalline form. 
However, these investigators did not pr _• I t. ^ 

method. Recently, Meyer and coworkem S^m 

the crystallization of this hoVpancreas in a yield 

of 12 per cent. The enzyme is Tlie enzyme is a 

per cent aqueous solution, in ^ aqueous solution of 

protein containing 0.6 per cen p "J; impure solution con- 

Ihe pure a-amylase is very stable. ^ ^ ^ ,, 2° C. and pH 

taining 60 per cent impurities is la] ^..^ij^ylasc contains a 

0.9. In contrast to pancnMic -g;-- ,,mcrcatic 

ImblSnns have been nbtained by Sherman and eollabo- 
■'“‘S;sumn. salivary Anry.as. Meyer “J 

reported a method for the Cl ys a | acetone and ammonium 

Tl>oy -ployed fractio^ tri;;;!: Ltatc ions with the aid 

sulfate, replacement of the / acetone concentration of 

„f an ion exchanger, am dissolved in a little water and left 

,0 per cent. J'- P-;;;; containing 90 per cent of the 

in the cohl. Crystals foimeci n ^ ^ ammonium 

The m.^tals n.re ^ ^ 

liydroxide at pH 8. . crystals of 

shaken in the cold fm ’,,’,natities The yield was 25 to 30 per 

amylase forme.l tt-at qumit s Th/enzyme was found to 
„,nt „f the initial amylase of the saliva. 

be a protein. Amvlase. Balls, Thompson, and 

Crystalline Sweet f -otcin with high ^-amylase 

Walden (137) preparc( a ‘ j The press juice was heated 

,„,ivi,.y ,r„.n pre»» ^''^mion of lead acetate. After 

to 60° 0., cooled, , J,„„m,nium sulfate, the resulting 

0.7 saturation of the i ra . acidification of the ammo- 

prcciihtato was dialyzed. 1 y ^ ^ ^ ^ 2, a further puri- 

nium sulfate-freed protein r- jT the remaining material 

fication was achieved, 'rac m mnmonium sulfate nt pH 4.0 

between 0.25 and 0.5 sm.ma lo preparation had a slight 

yielded crystals m the cold. > 

a-aiByltisc activity. 
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The Action of Barley Malt on the Components of Starch 

Back and Vernon (138) studied the two components of corn starch, 
amylose, and amylopectin as affected by barley malt enzymes. At 
63° C., amylose was rapidly and almost completely hydrolyzed to 
reducing sugars, whereas amylopectin-splitting was 59 per cent com- 
plete. After 15 minutes, hydrolysis progressed only very slowly. 
Using different amounts of malt and varying the time factor of hydrol- 
ysis in excess of 5 minutes, the optimum temperature for amylopectin 
hydrolysis was at 52° to 57° C., and the optimum pH was at 5.3 to 
5.5. For 15-, 30-, and 60-minute hydrolysis periods, maximum split- 
ting of amylopectin was shown when 15 to 20 per cent malt was 
employed. Larger quantities of malt gave only slightly higher con- 
version. Though these observations are very interesting, it should be 
borne in mind that the fact that barley malt contains 50 to 60 per cent 
starch may affect the nature of such experiments. 


Mold Amylases 

The enzymes produced by Aspergilli are very important industrially. 
A. oryzae is known to be an excellent producer of amylase and other 
enzymes. Different Aspergilli produce different amylases and a vari- 
ety of different enzymes. Commercial A. oryzae- flavus enzyme prod- 
ucts also contain maltase, and experiments conducted over long periods 
would be influenced by this enzyme. It is generally believed that the 
amylase of A. oryzae-flavus molds is an a-amylase identical with the 
a-amylase of barley malt. Sufficient evidence is not available for this 
assumption. It is true, however, that the two enzymes do have certain 

i^dentical catalytic properties. Neither of the two amylases has as yet 
been obtained in pure state. 

Caldwell and Doebbeling (139) found that the activity of the amyl- 

n?n is twice as high in the presence of 0.02 to 

0 10 M sodium chloride, when the enzyme and 1 per cent soluble potato 
starch solution contain 0.01 M acetate at pH 5.00. The temnerature 
was 40° C., and the duration of the experiment was 30 minZ 

Preparation of Maltase-Free Mold Amylase. Caldwell and asso- 
ciates (140) prepared a maltase-free amylase of Aspergillus oryzae by 
purifj-mg a commercial concentrate. Their method consists of frac- 
tional precipitation of aqueous extracts of the commercial product with 
^monium sulfate, suspension of the precipitate in a smaH voile d 
water, dialysis to remove sulfate, concentration of the sulfate-free 
solution, activity tests, and repetition of the fractionation and dialysis 
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iinlil no fuiiluT inoi'Msc in aotivily per milligram of total solids is 
noticed. In tllis iirocnluro, solid anmioniuin sullalc was employed. 
The dialysis ivas conducted in nitrocellulose bags. The dialyzed so u- 
tions ivcue conecntratcal by sus|.ending the bag., in the breeze of an 
clectne fan Other protein pvecip.tants tried by these investigators 
gave less satisfactory results. Nor ivas adsorption of the amylase on 
alumina gel an elleetive |irocedure for the purification of -4. oii/.o 
amylase. The results suggest that this mold produces a single enzyme 
having properties similar to those of the dextrinogenie amylases of 

"* The Question of Enzyme Adaptation in Molds. Bonnet and Bon- 
net 1141) reported that llie formation of carbohydrases does not depend 
on the liresencc in the inediiiin of carbohydrates in the f*' 

rarbomm Hoivover, Be Mensc ami emvorlccrs (142) loimd that in 
the case of A. riiijer NRRL 337 the addition of carbohydrates to vai lous 
me, In' increased the eoneentratiim of the dextrinizmg enzyme m the 
r 1 a considerable degree (.see Table IX,. The investigators 

f t he Norlhorn Regional Researeh Laboratory made a very important 
m In n lo enzyme technology by sli.nvhig that highly active amyl- 
r th.iis may be obtained by submerged cidtiire of molds. Lc 
M euM and assocLes examined more than 3M mold enlll.res re, me- 

Muror, FcnirMIum, Aspergillus, and Momlm). On y a hnntcc 
mZ !“re capable of prodiieing «-amylaso. Some had saecharo- 
genic aetioir, this was lirobalily cine to the maltase present. 

Musclk Amylase 

Prirnvi (143) obsoi’vod tliat, llu' (’arbnliydratos in the muscle tissue 

that of the « type. Autolysis inereases the ainylolytic action. 

Bactkrial Amylases 

1 f Unotrirbi mav be crouped in saecharogenie, dextrin- 

The -ny .Ur-produciil^g amylases. Strains belong- 

c, genic, and and B. mesentericus are very 

'i^pclrtant inSially. Idiejr ^ 

-en if boiled 

,„r a short li.no in the thousand bacterial 

Poltier and Beckord (145 ^65 isolates had the 

isolati's for amylase production. 1 lu y 
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TABLE IX 

The Production of Dextrinizing Enzyme by Aspergillus niger NRRL 3S7 

Cultivated in Various Media 


Protein Source 

Corn steep liquor, 3% 
Corn steep liquor, 3% 
Corn steep liquor, 3% 
Corn steep liquor, 3% 


Carbohydrate 

Source 

None 

Glucose, 2% 
Molasses, 2% 
Corn meal, 2% 


Concentration of 
Dextrinizing 
Enzyme, units/in] 

2.2 

8.2 

4.6 

10.2 


Dried tankage, 2% 
Dried tankage, 2% 
Dried tankage, 2% 
Dried tankage, 2% 


None 

Glucose, 2% 
Molasses, 2% 
Corn meal, 2% 


2.1 

9.3 

11.5 

8.7 


Soybean meal, 2% 
Soybean meal, 2% 
Soybean meal, 2% 
Soybean meal, 2% 


None 

Glucose, 2% 
Molasses, 2% 
Corn meal, 2% 


7.9 

7.4 

8.5 
11.2 


Thin stillage 
Thin stillage 
Thin stillage 
Thin stillage 
Thin stillage 
Thin stUlage 
Thin stillage 
Thin stillage 


None 

Glucose, 2% 
Molasses, 2% 
Corn meal, 2% 
Xylose, 2% 
Lactose, 2% 
Sucrose, 2% 
Maltose, 2% 


1.7 

11.5 
7.9 

16.5 
5.3 

6.7 
11.0 

14.5 


Enzyme deterimnations were made after cultures were shaken for 5 days 

CctaTlLl ' " 5 per re, 


4 


ability to hydrolyze starch in a starch-agar medium. Of these, how- 
ever, only 71 formed enough amylase when cultured in a wheat bran- 
peptone-phosphate liquid medium to be of any interest. All the iso- 
lates bdong to the B. mbais group. Kneen and Beckord (iZ 
studmd 43 isolates of the B. subtilis group of the collection of PelUer 
nd Bcckord, 7 cultures of B. polymyxa, and 3 cultures of B. maceram 

two kinds of starch-decomposing acttor s^ I d i" ” 

r rsitpe^.- - — - ^=u"ar 

JobtTpoitoSg xt “xht r™-; 

bacteria vary considerably in amylase production. Some prXce 
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'6 

none- ethers tonn very large quantities. At first, this amylase pro- 

tmmiTablo sugars. It is sensitive to a reheat iilhihitor. being the only 

l)acterial amyla.'^c tluit is so aftcctcd. , + , 

2 Bacillu'< aiihtilis (a-ainylasc or non-saccharif> in& '' ' 

,.„svi«e"aie ielated to the eonimereial type of bacterial amylases. 
These barteria produce very large quantities of amylase and may be 

pollmyxa. These 

;;l;: t:r ion’ti'id' .X:'the <lextri„isati„n stages. The 

;;::io::,f I, inversion com,, ares see 

vaf if’in tlic conversion ot stciicn ib ni^n- 
evith proper ensyine ^ ^ 1 Beekord that, bacteria produce 

The oh.servations of Knten ano p.xi-licr 

“u:" WtS^rmyt;- "l.™;;' ^ Ihe dextrin, ;genie 

typ^’ ,, r. R mnrprnus lius bccn 

Amylase of Bacillus maceran . • hydrolyzes starch to 

extensively studied m ’ distinct, non- 

, .nixture of -^^^or-so uhlo d_e^^ ,, 

been na,ne<l “ Schardinger ‘ ’etive state by 

(147) were able to prepare this ai . filtrate of the finished 

precipitatiriR it fiom tlic iiq ,,,.,r„i,fitatc in water, adsorhing on 

culture) with acetone, dissolving t 1 ^ 

uliiiriiniim liyilroxidc in the preaeiie „,„,^,(Iu.„te was UO times 

the ensynio with plioapliate at 7 , . ' , rapalilc ot con- 

,,,,,,0 active than the initia ™7' ,, n , M minutes at 40” C. 

verting 1000 times its obtain the Scliar- 

.linger ilextrins from potato »,^-; Y;’:;i;::;,:,;lrti™ ot the two cum- 
in a yield of 65 per cent. 1 ^ J j.f(orent digcs- 

ponentH, «- and / 3 -de^xtrin, m ii i rnneerans amylase at 

lion , converted to a higher rotating material 

20° C., whcrcaH iho a-<KXiriii i 

with slight reducing power. 
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Amylase of Clostridium acetobutylicum. Hockenhull and Her- 
bert (149) studied the amylase and maltase, present in cell-free culture 
filtrates of Cl. acetobutylicum. Such filtrates, owing to the combined 
action of amylase and maltase, result in 100 per cent conversion of 
starch to glucose. These enzymes play an important role in butanol- 
acetone fermentation by Cl. acetobutylicum, but so far they have been 
little investigated. Hockenhull and Herbert purified the amylase of 
this organism and obtained it almost free of maltase. 


Comparison op Amylases of Grains and Malted Grains 

Geddes and Eva (150), using a modification of the ferricyanide- 
reduction procedure of Hagedorn and Jensen for the estimation of 

diastatic activity of wheat flour, found that 80 flours varied in diastatic 
activity from approximately 70 to 300 units. 

Kneen (151) has examined the a- and ^-amylase content of ungermi- 
nated and germinated barley, wheat, rye, oats, maize, sorghum, and 
nee and has also reviewed the earlier literature. Germination of all 
these cereals produced a marked increase in starch-saccharifying and 
-liquefying (or dextrinizing) activity. The malts of barley, wheat, 
and rye contained all activities in higher degree. The malts 'of oats,’ 

maize, sorghum, and rice, however, showed low ratios of saccharifying 
to liquefying action. 

Amylase of the Ungerminated Grains. In Table X, the amylase 
values of ungerminated grains are listed. The “ free ” extracts were 


TABLE X 


The Amylolytic Activity of Ungerminatbd Cereal Grains 



Saccharifying Activity 

A 


“ Free ” 

Total 

Cereal 

units 

units 

Barley 

10.7 

29.8 

Wheat 

7.5 

25.1 

Rye 

9.1 

17.8 

Oats 

0.7 

2.4 

Maize 

* 

Trace 

Sorghum 

* 

Trace 

Rice 


Trace 


*Below the sensitivity of the method used. 


)3-AmyIase Activity 



“ Free ” Total 

units units 


10.7 

29.8 

7.5 

25.1 

9.1 

17.8 

0.7 

2.4 


* 


* 

* 

* 


a-Amylase Activity 


“ Free ” 
units 


•N 


Total 

units 


0.045 

0.058 

0.050 

0.063 

0.089 

0.111 

0.262 

0.297 

0.101 

0.249 

0.031 

0.127 

0.075 
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sl„,w that the “'v‘g“,ntaltc(l maize, sorghum, 

rye was liigli, and hat ot . - ' I j^njitivity of 

, riee h.ad .„easurah.e hut too low to 

‘^Lrln'aee^nfi;:! ' Ti.-, ‘-aeeharify.hg runts" were syn- 
onymous witlt " (J-amylase grains tor 24 

Am^ttIqcpc of tli6 Orsiris# x ir ro 

hours at ronin tenRHaaRurc and 

The results arc summarized m ioibit aVi. 

TABLE XI 

Tim AMvnonvTic Activity or C.KRMiNATim Ckiuoals 

> • . 4 - 


Sac 

charifyinKActivity 

p-Ainylasc 

Activity 

a-Ainyh 

Sprout “ 

1‘ n‘c 
units 

Totfil 

units 

“ Free ” 
units 

Total 

units 

“ Frt’O 
units 

inm. 

25-30 

20-30 

20-30 

31.0 
20.4 

20.1 

39.1 

34.4 

23.0 

J V 

26.5 

16.5 
15.4 

34.4 

23.7 

17.6 

♦ 

90.5 
197.3 
<)3 . 2 
53.1 

25-35 

2.2 

3 ■ 0 

* 

* 

31.1 

1 5-20 

0.24 

1 .2 
t IV 

* 

* 

73.4 

10-20 

1.8 

1 . 

* 

0.2 

1.4 

2-5 

0.05 

0 . 3 





Total 

units 

04.0 

214.7 

110.8 
00.3 

. 0 
75.5 
2.3 


Co re ill 

Barley 
Wheat 

Hyc 

Oats 
Maize 

SorMihuin 
Bice 

• Uelow the of the n.clh.td twctl. 

.ith an increase in ’tn.wf t n-lM T„ f Xs^d 

l„.„p„rtion!.l to ‘ t „( p.nmylasc in the Rerminatcd 

,nnd sorgliiiin, that showed „,rmii.ated. The 

onKerininateil state activities of tliese eereals 

“ emistan during geriniiiation. It is interesting to note that 
remained constant L +vnic'il a-amvlasc sources. 

oats, maize, e Kneeii (152) has published an exten- 

Sorghum Malt • LwIixbo He germinated a senes of 

,ivc study Tte -niined iL nature of the amylases present 

sorghum varieties and ' I,, the corresponding 

Both these amylases were sorghum a-amylase has the 
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ization saccharification of starch by sorghum malt extracts. Malted 

• * . , , source of a-amylase. It should find wide use in 

various industries. 

Sulfite Extraction of Diastase and Recovery of Protein from 
Wheat. Balls and Tucker (153) found that the quantity of amylolytic 
enzymes from unmalted wheat, bran, or granular wheat flour which 
may be made available is markedly increased by washing the grain in 
a 0.05 per cent sodium sulfite solution. Extracts having a Lintner 
value equa to that of a medium-grade barley malt were obtained, 
d, by suitable mechanical treatment, the grain protein was obtained 
as a readily separable scum containing 86 per cent protein. 

SawiV^ Amylase by Hydrogen Sulfide. Chrzaszcz and 

Thlv f' flu «^^died the barley and malt amylases 

36.8 to 434. The bound saccharifying amylase of barley mav be 
ncreased from 18.6 to 734 per cent by treatment with hydrogen suffide 
depending on the nature of the barley. Well-sprouted (lO^ly old)’ 

ymg function, however, increase continuously during i-nflPmn- « 
co„s.derably higher than those of the brewery 21“ T e H e 
Wng Wien is several hundred tinres h.ghenhr hatl he baly 

extent. The amylase content does lot depend on the (v 

hydrogen sulfide was employed Te’ 2 “‘'"‘'“S' 

preceding the usual 20-hour ext’raction pe2od “ m2'"* ^ 

at 30° to 35° C., the Fausllleirn In . ^^^P^^tively. For drying 

Holmbergh (isT) found tha^aTr^^^^ • 

alcohol, which was not well stoppered ^buf ^ 30 per cent 

became inactive after 5 months Eiehtv ^ 

activity was recovered by treatment of'+T amylolytic 

hydrogen sulhde. The -varw1th':o12m“^^^^^^^^ 



c \RBOHYDR ASE^ 

4 .' . .fnil Rv Dxidation with iodine oi 
what loss. Amyla-e that {^y ^iunlar treatments. 

alkaline hydvogen iiei'oMi c n . > • „( active sulfhydfyl 

TiKve results strongly groupings had been found 

group in the enzynio " , crude papain, and many other 

in urease, arginase, ‘'“c^t.c amylase, horvever, does not 

appear to require free =“'“>> ; ,c are a good souree of ^-ainylase. 

LliL has no effect on the „„tta«nn pH of the 

that tlie.r purified soybean ^ „,a,.kcd slarcli-Uqnely.ng 

poiver. The ,,o b en caused by an anrylophos- 

bv the 8 -amylasc or that it may lu^^c 

phatase (Wald»chmidt-Unls an. pH for saccha- 

lanifer, Tauber, and D.u le » ,^ctiveen ,dl 5,18 and 6.38, 

genic activity Ilf soybean ^-.ui ybo t 5 . 90 . The total 

with an aiiparent maxmmi • the same order at, 

saccliarogonic activity of ‘ (be soyliean ^-aiiiylasc is 

AMYnAS15 iNllIHia'OUS 

A„,ylase inhibit.ors have 

oilman .102) bumb, n -uiuco » ..ntr.m^_^_^ h , 

lu-at-labile fraction wlndi u.h ^ decreasinK pH. The 

Hnch extracts wore A'ot.oin and was considerably active 

inhibitor was freed of most ^ purified preparutions also 

oven in small concentrations The I . p.ndstedt (163) reported 

.bowed a higli antitryptic acHon- endosperm, ami in rye a^ 

those proilnccil by certain ''“elcrral^ ^lat T^^ 

destniycd by atmo-l’b'™ ^ B- .„|i sohdio^J'l 

Caving. It >» so n bi'.' ' "p,c c,;„,.,.|itrntcd i.iiim.innnn ‘ 
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through cellophane membranes. The inhibitor is destroyed by pepsin 
(at pH 2.0) but not by pancreatic enzymes. 

The amylase inhibitor from wheat flour was concentrated 750-fold 
by adsorption on, and elution from, aluminum hydroxide with phos- 
phate solution (164) . The purified inhibitor wms digested by ficin, was 
precipitated by protein precipitants, and did not dialyze through vis- 
cous membranes. Thus, it is of protein nature. The purified inhibitor 
became inactive when dialyzed against distilled water. It remained 
active when dialyzation was carried out against tap water, sodium 
chloride, or phosphate. The inhibitor is sensitive to alkaline pH’s but 
more resistant to an acid pH. Tryptophan appears to be essential for 
the activity of the inhibitor (164). 



Fig. 9. Optimum pH of diastatic activity of amylases. 


Kinetics of Starch Hydrolysis 

Hydrolysis of starch by pancreatic amylase follows the course of a 
monomolecular reaction up to a saccharification of 40 per cent. Hanes 
(165) studied the effect of starch concentration upon the reaction 
velocity, using the amylase of germinated barley. He found that the 
relationship, as determined by the initial slope procedure, is in close 
agreement with that predicted by the Michaelis-Menten theory The 
relationship between initial reaction velocity and enzyme concentration 
is linear over a wide range of enzyme concentration. 

[ j. , ■ , . « ^ Sherman and associates (166) 

studied the influence of pH upon the activities of pancreatic amylase 

malt amylase, and the amylase of Aspergillus oryzae Their results 

are represented in Fig. 9. It may be seen that both il. oryzae amylase 


C\RHOHYDRASES 

i- lio -i-'itip'illv (nii^ltosc f ovnitition 1 

optunu.. about 

ut pll 4.0 to o.u. 
pll 7.0. however. 

<ZArDrXTE™VNG? aXtV 

rn 1, lor \V(ihl''i'nnith methods ( 167 , 168 ) • 
Tins is :i modifieation of the . measure 

Altl.ousb Ilf „rtical purp<«- ‘'f " ''''P' 

,,f a-ainylase activity, 1 ‘ , activity is producetl by the 

;:;r i:— 

Reagents 

= . Eleven grams o( iodine and 22 B^ms of 

,„r ■mntul. iji' ddu.-a to 500 ee. nufb 

,..r .d rr tt^ and S gran, of po.assnnn rod.de are 

200 --I- ''■■"■ Trvo enbie centimeters of stock iodine 

Dilute Iodine Solu'-o" (BV , T „,t,, 

solution and 20 giants o I j fresh daily.) 

.listilksl rvater. '''1''* f “p’" '"^tdeldhs of a gram of Merck's 
Standard Dextrin Solution. . . ^ 12 per 

liater, is suspends m a 1' "“I'f ,„ ,000 ec. 

,r, „f boiling water P :;' „bic centimeters of toluene keeps 
•n,,, solution, preserved with a f, w cu^^ „.„ib„r.ter of the dextrin 

f„r several dilute ioiline solution A in a l/i-lneh test 

solution IS pluccd m ' ^ comparison. 

jir bX.; or him, bed -p- 

rZnTstadeu; t:i liter ,„„.b,e stareh (dry basis) 

,,i„,ined waten^ J „eetate bultcr is added, and the volume is 

rrup to 500ie.'with water and uiixed. 
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Procedure 

Five grams of finely ground malt is extracted for 60 minutes at 
30° C. with 100 cc. of water. Ten cubic centimeters of the filtrate is 
diluted to 100 cc. Five cubic centimeter portions of the dilute iodine 
solution is placed in each of 18 test tubes. 

Ten cubic centimeters of the diluted malt extract at 30° C. is added 
to the 20 cc. of starch solution and mixed. The flask is placed in a 
constant-temperature water bath at 30° C. The time is recorded as 
soon as the malt extract comes into contact with the starch solution. 
After 10 minutes, 1 cc. of the mixture is added to the first iodine tube. 
This procedure is repeated at suitable intervals. The color of the 
tube that matches the standard is taken as the end point. 

Calculation. In this method, 1 cc. of 2 per cent starch solution is 
hydrolyzed hy 0.5 cc. of diluted malt extract or by 0.05 cc. of the 
original extract. Thus, 20 cc. of starch solution is hydrolyzed by 1 cc. 
of original extract. If hydrolysis of the starch to dextrin occurs in c 
minutes, 1 cc. of original malt extract will convert in 1 hour (60/c) X 

(1/0.05) cc. of starch solution. This is the formula for the a-amylase 
value. 


DETERMINATION OF DIASTATIC POWER OF MALT 

t 

The American Society of Brewing Chemists recommends the follow- 
ing method for the determination of diastatic power of malt (169) : 


Preparation of Malt Infusion 


Twenty-five grams of finely ground malt is placed in a container. 
To this is added 500 cc. of freshly distilled water, and the container is 
closed. The infusion is allowed to stand for 21/2 hours at 20° C. 
(±0.2° C.) and is agitated at 20-minute intervals. At the end of 
21/2 hours the infusion is filtered. The first 50 cc. of filtrate is returned 
to the filter. The filtrate is collected until 3 hours have elapsed from 
the time that the water and ground malt were first mixed. Evapora- 
tion of the filtrate must be prevented as far as possible during the filtra- 
tion period. 


Actual Diastasis. Twenty cubic centimeters of the malt filtrate is 
diluted to 100 cc. at 20° C. Ten cubic centimeters of this diluted 
infusion IS placed in a 250-cc. volumetric flask and brought to 20° C 
Two hundred cubic centimeters of buffered starch solution is added 
from a fast-flowing pipet, all at 20° C. The " starch infusion » mixture 
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C'AHU^niVnHASKS 


1 t oiv r- for so ininuu s Twriuy cubic centimeters of 

:: : 

tek. Th.'.-nl.n..l.C n.a.k- u,. lo ll,v aiul m.xad. 

StM.fTlONS 

■ w .rrrt>i*\c of «;o(liuin nccti^tc 

(a) Buffer Solution 

iiui'le up O' 1 liou- "i''> ■ , r ... , !.-> nmi.'tuve 

(b) Soluble Starch. Solul.l.; rlarrh . f » ' - “ ' 

aiMl nf ltA\ (d.^.) I „|* ^valiT to fonu :i thin 

„f .lar.li l» UUX..I " ; . ,,„i|i,.B wal.r. rn.r.'MUlins 

1"'-'- ■ r. ■ „ .,r,.h ...l...i..u, at .urlt a t-"' 

I - 

il.ic.s not cc.,> ^ ^ 

pau,<. has been m O'j ,,U!inlil:Oively transfevre.l to a 

:,rx,::;;:ri;H;-ce. vo,u.ne,ric nt.u. 

v 

After tuixinu. it ix .X'-k' i,, „ i,„,f .r„,ux ..f 

(c) Alkaline Ferr.cyanulc „„l,v.lr...tx Ho.litttu car- 

I tv^rfu'w te an.l .hl.t'te,l lo 1 liter, Tbe potasrium 

l:.::'^;:;":i,:u,::;, o,..,,. a <.ark 

iiway from Il>e liRi'b Twelve uml forty-one 

(d) Sodium ,,.yxt.,lx anti 3,8 irratux 

" titnelora of 

(.) Acetic A';-* ®” cl,l..ri.lr, titul 20 Krmna of 

(^lurinl urctic nod, 70 K i , , i., un in 1 litrr with wutrr. 

’''"0)POU«Z tdldrUutlor To a 60 per cent au^ou. aolP«P;_ 

Norma. Solution of Sodium Hydroxlda. Thl. aolution 
st SX”™ V F^nld. solution. To .0 ce. of the 
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K 3 re(CN )6 solution are added 25 cc. of acetic acid solution, 1 cc. of 
the potassium iodide solution, and 2 cc. of starch solution. This is 
titrated with the Na 2 S 203 solution, by means of a 10-cc. semi-micro 
buret, until blue starch iodine color is discharged. 


Ferricyanide Titration 

Five cubic centimeters of the digested starch solution is placed in a 
150-cc. Erlenmeyer flask. Ten cubic centimeters of alkaline ferri- 
cyanide solution is added. The solution is shaken and immersed in a 
boiling water bath so that the liquid surface in the flask is slightly 
below the surface of the boiling water. After 20 minutes, the solution 
is removed and cooled under running water. Twenty-five cubic cen- 
timeters of acetic acid solution and 1 cc. of 50 per cent potassium 
iodide solution are added, and the iodine is titrated with 0.05 N 
sodium thiosulfate until the blue color is discharged. The starch blank 
is treated like the test solution except that the sodium hydroxide is 
added to the malt infusion before the starch is added. The procedure 
should be carried out continuously to avoid variation in results. The 

number of cubic centimeters of 0.05 A' sodium thiosulfate solution 
required is designated as A. 


Calculation op Diastic Power 


A = cc. digested starch solution used in titration. 

B cc. digested starch solution used in blank correction. 
M = per cent moisture in sample. 

(a) Degrees Lintner : 


°L. (as is) = {B - A) X 23 

A 

°L. (dry basis) = ^ 

100 - ilf 

% 

4 

°L. X 4 = maltose equivalent 

The term “ maltose equivalent ” indicates the number of grams of 

reducing substances calculated as maltose that are produced bv 100 

grams of malt in a half-hour digestion of soluble starch at 20° C under 

conditions as set. forth in the method. Degrees Lintner times 4 0 gives 
maltose equivalent. ^ ^ 
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(5) Maltose equivalent: 

M.E. (as is) = (jB — A) X 92 


M.E. (dry basis) 


M.E. (as is) X 100 
100 - M 


M.E. ^ 
4 

A, B, and M are defined above. 


POLYASES ACTING ON THE PLANT FRAMEWORK 

Lichenase. This enzyme is present in Aspergillus oryzae (170), in 
the intestines of snails, in worms, in wood-eating insects in corn beans 
hyacinths and other plants (171), and m wheat malt 172) The 
polysaccharide lichenin is closely related to cellulose. It occurs in 

Iceland moss. Lichenase hydrolyzes lichcnm to glucose. 

Cellulase. Ccllulasc is produced by various bacteria mo ds, proto- 
zoans and some invertebrates. Karrer, Schubert, and Uehili (173) 
conducted interesting experiments with snail ^ 

fp’er ™ost siitable. Pringsheinr and Bauer (174) stud.edj^ effec 
of malt ccllulasc on chemically treated cellulose. Von Euki (175) 
noticed ccllulasc activity by the mushroom 

Schraita (176) found ccllulasc in a great number of molds. Iho 
breakdown of cellulose in the intestinal tract of higher animals (e.g^ 
of straw by cows) is due to certain intestinal bacteria and not 

“orassraann Stadlcr, and Bender (177) studied crude enzyme prepa- 
rations from (ungi. These preparations 

and xylan readily, “ticked only cellulose, 

.So L7,:= 

arc perhaps inulin into d-fructosc. Inulasc may best be 

discovered inulase in pneumococci. 
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These polyases are usually found together and are difficult to sepa- 
rate. No extensive researches are available concerning this group of 
enzymes. The pectic enzymes are described in a special chapter. 


MUCOLYTIC ENZYMES 

This group of enzymes catalyzes the depolymerization of the highly 
polymerized mucopolysaccharides. These polysaccharides contain 
hexosamine. They are present in many internal and external struc- 
tures of ammals and microorganisms. The biological function of only 
a few of these polysaccharides is known. Like many other enzymes 

mucolytic enzymes are of considerable aid in structure studies of little- 
known compounds. 

Lysozyme. Lysozyme was discovered by Fleming (180) in 1922 
He found this enzyme to be present in egg white, nasal mucus, tears,' 
and leucocytes. Lysozyme is a bacteriolytic enzyme effecting the lysis 
of microorganisms, such as micrococci and sarcinae. Lysozyme is aho 

present in certain molds (181) and in the latex of different plants (182) 

Feiner and associates (183) have published a more extensive descrip-' 
tion of he wide y used test organism. Micrococcus lysodeikticus 
(Fleming) , and extended our knowledge concerning the factors govern- 
mg bacterial lysis by lysozyme of egg white and by latex lysozyme 
he results indicate that the lysozymes of different sources differ in 
their specificities. Though egg white contains large quantities of this 
enzyme, crude ficin is also an excellent sourcl The XoiyLc 
enzyme crystalline ficin, however, is very low in lysozyme acti4y 

The rofeT' I ^ of lysozyme 

js not known. In the animal organism, lysozyL is sa d to act as a 
pr tective enzyme against bacterial invasion. But the morsusc n- 

Uttle or no susceptibility, A tew hoover betT 

ceptible to egg-white lysozyme (184). Abraham and RoMnsm ^8*5) 

P«d? wears to be i 

h-nt 

and in a number of snake venoms (m) Hv«l ^oeches. 

Menses and splits hyalmnnic acid, a polymei of 
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oo 

■ 1 TAvnliirnnic acid is present in vitreous humor, in the 
glucuronic acid. Hyaluro exmiates of pathological joints, etc. 

umbilical cord, in synoMa i’ Uvaluronida<=c bull or ram testes are 

For the preparation of purihed hj • function in fertiliza- 

the best sources. This enzyme plaj s c l embedded in a 

tion (186). The cumulus cells around Um m aie^ 

and Meyer (187) m a case of “““J" wdhout 

peritoneum, to aid m incomplete and difficult. 

sr “n" “ui — X“n "r “ tI:: 

Lty.:: hId;Tha:;Mur:)fect, bit c„„unued .rcth d .au.„ant 

tumor finally caused the death of P^'™ ^ hyaluronidase from 

A method tor the P'oP^f'O" «' "hc attamed a 2000- 

buU testes has been published by ojnrt still did not behave 

fold concentration of *0 ™“J” | ^ .p; '(A ^,a(,trophorctic apparatus, 

like a homogeneous subs anee >o «'0 Tisel ^ ^ 

The isoelectric point of P poucentrations as low as 0.1 gamma. 

enzyme was strongly ^ ^ enzyme that rapidly 

The Invasin Enzyme System of Haas. J ^^,^^1 

destroys biX anTfilh' He named this new enzyme, 

which is an antiinvasion f ';^^"^";j;;7""eading and invasion, he 
on account of / Haas extensively studied the distri- 

suggested the name ^ pronounced decrease in the concen- 

tration of the enzyme m role in the defense 

appears . bv preventing invasion of certain bacteria 

and venoms. ^ invasion and defense. He observed that 

pathogenic -^an sma produce s ^ 

second enzyme that acts by ^ ^ , ^ normally destroyed by 

enzyme of plasma. Hya uroni second enzyme, 

antinvasin I, remains intact, since l^ P t y (jigeovered 

ryme. ” rnreTsyme aefs by destroying proinvasin I 
and has bTen named " antinvasin II ” by Haas. 
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CHAPTER IV 


PHOSPHORYLASES AND RELATED ENZYMES 

As carlv as 1899, Creinor (1) observed that yeast juiee is capable of 
alycogen ^synthesis. Neuberg and Poliak (2) demonstrated m 1910 
that suerose may be ehanged by iihosphorolysis using autolyzed yeast. 
Cori and Cori (3) were first to show that muscle tissue and muscle 
extracts form glueose-l-phosphate from glycogen. Because of this, the 
ester is called Cori ester. Later it was found that many animal and 
plant tissues contain this enzyme and that the reaction reversible 
In more recent years, other enzymes synthesizing various carbohydrates 
and their ilerivativcs by phosphorylation have been described. 
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olysis in order to differentiate it from hydrolysis, which indicates 
interaction with water. 


Energy Requirements in Starch and Glycogen Synthesis (4) 

Certain phosphorylated substances, such as adenosinetriphos- 
phate, creatinephosphate, phosphopyruvate, and acetylphosphate, store 
energy liberated from oxidative steps, which is later used in certain 
metebohc reactions. These substances, although quite different in 
their chemical make-up, contain an equal quantity of energy, which 
is stored in the phosphate radical. On hydrolysis, these phosphoric 
acid esters, containing so-called “ energy-rich phosphate bonds,” fur- 
nish on the average 11,000 calories. Other organic esters, like hexose- 
phosphate, glycerophosphate, and similar “ ordinary ” organic phos- 
phates in which the phosphate radical is combined with an alcoholic 
ydroxyl, furnish only 3000 calories. Inorganic phosphate is the 
lowest energy level. Lipmann has coined the symbol ~ph for the 
energy-rich bond having an average energy of 11,000 calories and -ph 
or the ordinary ester bond furnishing an average of 3000 calories, 
he energy-rich phosphate bond ~ph is transferable from one energy- 
nch compound to another. This typo of stored energy is distributed 
by the adenylic acid system. Metabolically available ~ph (acetvl 
phosphate, phosphopyruvate, etc.) interacting with the adenylic acid 
system is readily transferred. The transfer of ~ph to and from this 
system takes place by specific enzyme systems. Starch and glycogen 
synthesis from glucose occurs by the application of such phosphate 
bond energy^ In the cell, glucose combines with phosphate by utilizing 
e energy drop from adenyl ~ph to glucose ester — ph. The ester 
bond of glucose-l-phosphate is then exchanged for a glucosidic radical 
on tte came carb». resulting in starch or gfyeogen synZ's 

men glucose is converted to glucose-6-phosphate, a loss of 8000 

ester ph. This step is practically irreversible. The other phases of 
tlrfZu" rZ""’ “’y '■entities of enerZare 

tion of glucose to glucose-l-phosphate. Glucos?i.phosptoet°rTid' 

y changed to starch or glycogen with little use of free energy (4-^) . 

Stepwise Polysaccharide Synthesis from Glucose 
Colowick and Sutherland (7) have converfprl • xi 

of adenosinetriphosphate, into polysaccharide t rpwise'Zrn: 
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First, glucose was changed to glucose-6-phosphate by hexokinase, 
obtained from bakers’ yeast. Glucosc-6-phosphatc was converted to 
gluco-e-l-phospliate bv rabbit muscle phosphoglucomutase, and the 
glucose-1-i.h..sphate was finally changed to polysaccharide and inor- 
ganic iihosphate bv muscle pliosphorylase. The work of Colowick and 
Sutherland is summarized m Fig. 11. In the living cell, adenosme- 


Gluco.se + !ideno.sinetriphospfiate 


.30% 


Hexokinase 


Fructosc-G-ph os ph nU' 


mi 


Gluoos(‘-G-phosphatc 

Phosphoglucom utase 




Gluco.sc'-l-ph()sphalc 

T 77 CT>- I ^ 23 ^ PhoBphorylase (pH 7 ) 

IsoinoniBO | 

Polysaccharide + phosphate 
Fit:. 11- ]*olys:icchari(io synthesis from glucose. 

{.•iphosphate loses its labile ,,hosphates in this process and becomes 
adenylic acid. Tlie living cell again reiihosphorylates adenylic a 

‘t„ adenosinetriphosphate. For the rcphosphorylation reaction oxi- 

.lation of aldehyde to acid furnishes the high-energy phosphate (8). 

Crystalline Muscle Phosphorylases and Their Relation to 

Other Phosphorylases 

Cori and associates (9, 10) obtained crystalline phosphorylase 
fn,m skeletal mu.scle. This enzyme is 

It is an euglohulin with a molecular weight of 340,000 to ^OO-Ut^U. 
C’vsti'ine inenuises th(‘ solubility and the activity of this enzyme, show- 

Imving udl-nylic acid in the digest (9) . The muscle contains an enzyme 
which has the ability to remove the adenylic acid from the crystalhnc 

ht that is inactive without added adenylic acid (11). Yl 
si iiilarlv llcHiing imiscles of rabbits contain mainly phosphorylase a, 
::t,wn l,y „n,,a.aU..„ „f this on.y.no in -ySallinc 

^ ” "W -linnLinn, .noat ot U.a ,.h„.pl.orylaac n .s co^e W 

.-la. »ti„n.1,.ta.l W tatigne, Con <Ui babavc, tl.at the 
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temporary inactivation of phosphorylase a by the enzymatic removal 

0 Its prosthetic group represents a regulatory function preventing the 
exhaustion of glycogen stores in fatigue. 

Crystalline phosphorylase, supplemented by a second enzyme pre- 

fv^ f ^ 1 produces a branched 

type of polysaccharide resembling glycogen. These investigators sug- 
gest that this enzyme is probably another kind of phosphorylase which 

phosnhorvTa ^lucosidic linkages. Meyer (14) found that potato 

phosphorylase can open only 1-4 linkages, while yeast phosphorylase 

which synthesizes e fflvcoffenlike ^ 

« ui r 1 , . y^^gemiKe caibonydiate, contains enzymes that 

are capable of breaking both 1-4 and 1-6 linkages. 

The Effect of Priming Agents on Polysaccharide Synthesis 

The synthesis of starch or glycogen from glucose-l-phosphate with 
of Ismail ZanUtvTl' “Tf” tl« addition 

la small quantity of starch, glycogen, or dextrin. These polvsaccha 
rides function as priming agents. Without them, no phosphorylation 

power of the polysaccharides varies with th“ „f XCtT 

ponents (17, 19), y a to the two starch com- 

Sumner and associates (20) found fbn+ u 
phorylase may be primed with cornstarch Jmvl 

pectin, glycogen, erythrodextrin, achroodextrfn” ot 
water-soluble polysaccharides of sweet corn Maltose hT 

product of synthesis by plant phosphorylase depends”'™ ?h h ! 

amount of the priming agent added A o ii ^ ° kind and 

trin will influence the formation of a’ substCe achroodex- 

lodine. A large amount of this dextrin will cauJeTh^ f 
compound that gives a red color with inri- I formation of a 

quantity of the dextrin will produce a subst^’ ^ ^ 

with iodine. In each case the amount f g'^es no color 

was the same, ase, e amount of inorganic phosphate set free 

Hidy and Day (21) published a highly interesting study con- 


OS 
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,,.rninr.- tl,r> ]M-inun- action of two source- ol polysaccharulcs, using 
nuririwl tiotato i,hn>phnrylaso as tl.e enzyme matcM-ial. One source of 
activmor was a poly>aechari<le synthesized by iiotato pliosphorylasc 
and livdrolvze.l with potassium hy.lroxide. The other source was the 
non-dhilyzahle cornstarch dextrms which had iieen liydrolyzed to the 
achromic point with hydrocldoric aci.l and intniied by dialysis and 
nietl.anol precipitation. The color given by mdinc and the carbo- 
hydrate synthesized ihiring the first few minutes was almost a ^^a^^ 
the -ame as that given by the iiriming polysaccharide. The color ot 
,h<. activating ,.olvsaccharide varied from blue to colorless, depending 
,h, degrei. of aetd hydrolysis a, i, died to the cornstarch lowever, 
oxlen^ion of tin- polvsaccharide-.synthesizing reaction resulted m iirod- 

ucls that slain blue with imline inrspective of the nature ol the activa- 
tor Hidy and Uav conclude that activators of potato idiosphon lasc 
need nut contain mure than G or 7 glucose units per molecule. 

Hyntuusis of 'fiiF, Two St.xucm Comfonfnts hy Pot.xto 

PllOSl'llOaYI.ASH 

The procedures that follow describe the synthesis 

s!: is Carried olit a phosphorylase first identified in potatoes by 
Hanes Another enzvme, (luite .lifferent from the ,dio.sphorylase .put 

.niapioned, has been isolated by Bo, .me and lh>at ^ 

;ni,n. This new enzyme, acting m conjunction nmUi t u pu 

fled idiosidioryliiso, converts glucose-1 -phosphate ’ 

which is the major comi.oneiit of wh.de stand,. 'rivos^red- 

nnrlin does not reduce, does not retrogra.Ie from s.dulion, gi is a u 

' . ; .Vwill. ..Kl i» l.y to .oolt.- u W 

4,! |„.r ,-,.„t oonvorsion i« oltaioo.l, Tl.is ;,myl,.p.TtM, .» s..kI to con- 
"‘‘p^e^SroTpotato juice. One Oio potutoee i, pee.o„micot., 

„„,i „„ak,-.i f.,r 30 ininui-H in 1 liin- .,f 

|,y,lr„»uinte nnci 0..5 per cent to uen ' i c'i» clarified by 

T~ ;r r 

linn "I'C P' " ■ I I,,,.,, I, ineubatecl tor 15 minutea at 2.5 O. 

,„,|Ter of pH «.0. "“J i.„lide solution are added. 

ooi X.; sure,',. pu. signifies pnospbory,. 

anc actiotK 
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Purification of Phosphorylase. Fifty grams of ammonium sulfate 
IS dissolved in 100 cc. of water, and the pH is adjusted to 6.0 with 
ammonium hydroxide. The solution is saturated with toluene. The 
potato juice is fractioned at 0° C. as follows: To each 100 cc. of juice 
47 cc. of ammonium sulfate solution is added; this is to give a con- 
centration of 16 grams per 100 cc. The precipitate is removed by 
centrifuging and is discarded. To the supernatant, 180 cc. of ammo- 
nium sulfate is added to make the concentration 35 grams per 100 cc. 
The mixture is allowed to stand for 4 hours. The phosphorylase which 
precipitates is collected by centrifuging. The supernatant is discarded. 
The precipitate is redissolved in the minimum amount of water and 
refractionated twice. The phosphorylase activity may be determined 

by the method of Green and Stumpf (22) . The dry phosphorylase 
may be stored for at least 6 weeks at 0° C. 

Synthesis with Purified Phosphorylase. The mixture contains 25.0 
grams glucose- 1 -phosphate, 1.0 gram dry phosphorylase (containing 
ammonium sulfate) , 10 cc. toluene. The final volume is 2 liters pH 

If. 'r*'" temperature should 
De 2U G. 1 he changes in inorganic phosphate are shown in Table XII. 




Incubation 
Time in 
Hours 

0 
24 
46 


Changes in Inorganic Phosphate during Phosphorylation 


Inorganic Conver- 
P in Grains sion % 


0.008 

0.412 

0.788 


0 

20 

38 


Incubation 
Time in 
Hours 

70 

120 

168 


Inorganic 
P in Grams 

1.240 

1.680 

1.728 


Conver- 

sion 

% 

60 

81 

83 


When equilibrium at 83 per cent conversion is attained tb. o 
water and ether, and dried. gra^ 

Preparation of the Amylopectin-Synthesizing Enzyme Sevent 

six cubic centimeters of the clarified nn+o+ • • 

under “ Preparation of Potato Juice ”) is shaken Tor 

water. The mixture is centrifuSrand the I in 32 cc. of 

tain any amylase present in the potato iuicP^°-^°d^^^T 
supernatant, 63 cc. of ammonium sulfate is addeT 

«tat«. by adding 20 ce.rtn“l“ Ir' ““ 

verts starch into a reddish purnle enlnr T * , enzyme con- 

ftoure. This color remains for at least 9 dl™.^ Po'y^^^'liaride in 24 
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Amylopectin Synthesis. Phosphorylase prepared from 100 CC. of 
potato juice is redissolved in 60 cc. of water. The amylopectm-syn- 
thesizing enzyme prepared from 150 cc. potato juice is dissolved m 
30 cc of water. The two enzyme solutions may be used m the experi- 
ments to follow at 38° C. At intervals, 2 drops from each experiment 
may be removed, diluted with 0.25 cc. of water, and tested with 1 drop 
of N /60 iodine solution. These results are recorded m Table Xiii. 


TABLE XIII 

Amylopectin Synthesis 


0 min. 1 hr. 


C 

C 


B(F) B 

C RP 


C R(F) RP 


1 day 

2 days 

5 days 

10 days 

B 

B 

B 

B 

RP 

RP 

R 

R 

T? 

R 

R 

R 


5cc.0.5M-glucose-l- Iodine Color 

phosphate plus 2 cc. 
citrate of pH 6 . 0 plus 

1 cc. phosphorylase 
1 cc. amylopectin syntase 
1 cc. phosphorylase plus \ 

1 cc. amylopectin syntase | 

Key: B - blue; R - «;d; P - purple; (F) - faint; C - oo color. 

Svnthesis of Polysaccharide with Untreated Potato Juice ( 19 ). 

tr poLt ttct -d t ’oc^fwr are\dL. 

sncchnride. ^ T'rpflted. Potato Juice. 

SS;: “ . - - s r— — . - — ~ 

be used for synthesis. . noi Hid not employ polysaccharides 

f nrf 

have contained traces of some polysacchaiide. 

preparation of glucose-1-phosphate 

Sumner and Somers (23) published the followinB modiftcation for 

the preparation of the ester^ -p^tract Three hundred twenty- 
Preparation of 

five grams of ^ neutralized with hydrochloric acid) , 

“d iLCteTr: ■■ Power-master - biender. Then «te mixture 
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is pressed in cheesecloth, and the juicr, aiuuunuiin t<* iilmut I2o cc., i' 
centrifuged to free it from stureli and cellular mattir. 

Indicstors. 'Ihymol blue pajK'r and t tmgn red paiKr are made !<v 
dipping filter paper in solutions of tIuM- dye-, an. I tli. n .Irvm^ th. j.aj.cr 
Preparation of the Ester. Eight grains ..i ^..luhle i-iar. h i. 
in 100 cc. of water. After ciHilmg, 12graIn^<»^ Na. Ill’ll^ < anliv.lr..u> < . 

5 grams of KH.,,P ()4 (anliy«lrous» di^.vdved m .KJO cc water, an.l Km 
cc. of potato-cyaniile extract are adde.l. The miMure i* dilut..! t.. 
1000 cc., some toluene is added, and, after mixing, the mivtuie i* kept 
at 20° to 25° C. for 24 hours. The itho‘|ih<.r\ la'«- i* dt »tr<.\..l li\ 
adding 0.1 .V iodine solution until, ujK.n mixing, the M.hitn.n gi\e» a 
permanent redilish hrown color. 1 he iiHline i» r«-m.i\»-il hy a.ldmg 
0.1 N sodium thiosulfate until the hrown coh.r !>• entirely gone. T. n 
to twenty cuhic centimeters of an active 2 jar cent j.an.reatin ‘olntioi, 
is added, and the solution is allowed to ^tan.l for 4 h..ur. at r.N.m 
temperature or until a sample gives a negative te^t for .h xtrin wh.n 
treated with 4 drops of 0.01 .V iodine M.hiiion. N..w Mi gr .m* oi 
barium acetate and about 8 cc. of 28 jar cent ammonia .alkahm to 
phenol red) are added. The solution i» mixial. tJun c.ntriiug..| t.. 
remove the barium phosphate, aiul the su|M-rnatant i.* filtertd tlirough 
cotton. To each volume of solution, 2 volumes of U.1 ,,er ctiit alcohol 

IS added. 

The precipitated barium salt of glucose- I-phosphate is coHertcHl hv 
centrifuging The supemalant is disc«r.led. The pr.-cipitato is st.rrrsl 

■'“Ifunc 

acid 18 added to produce a pink color with thvmol blue pamr .Vow 
saturated potassium hydroxide is addcnl until the mixture jum fails to 

chloroacetic acid IS added, and, after mixing. 2 volumes of tt5 ixt cent 
alcohol 18 added to every volume of the 8us|)ension. After mixing the 
^■pitato » Morntu^ .„d Ihc .upcn.at.nt i. dccanlcl. S., 
^um hydroxide u added to the ropernatan, until the rolurn?' 
^Snctly alkaline to phenol red. Tlie dip..taMiuin ull of bIuc.»c|. 

night at 6 to 0 C., eryetala of C,H, iO,FK, -211,0 reparaic The 
crystals are washed several times with fiS ner cent «i i i • ’ • 

acetone, and are dried at 40“ to 50* C The v* u • 

The eater prepared by 1 n.^oS i.?!:^. « ^rTtlt*.^*™™ 

t^ohol is added. After mixing and chilling, the ^SlJtion®b7l^‘ 
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overnight in a refr.gorato.- having a tempcvatuva of 0“ C. The cyatals 
which separated may now be filtered and 

This product has a specific rotation with sodium iight of about +7 
and a phosphorus content of about 8.33 per cent. 

SEPARATION OF AMYLOSE AND AMYLOPECTIN OF 

STARCH (24) 

The nrincinle of this method is the precipitation of amylose as a 
water-4oluble complex. The precipitant is thymol, and the operation 

is carried out at room temperature. volume of water 

The starch ‘V\?bXg ivL^er wittili'orous mechanical stirring. 

The stirring is continued at the boiling point 

chloride is added to make a . P , ^ thymol is now stirred 

cooled rapidly to room ^tP^atu n. Powdeicd thyi^ 

into the solution to saturation (0. P pj.pp-^ion is complete 

in 48 hours. The precipitate is removed y t g 

rapidly with cul rapidly and the prod- 

Ucuid to one-fourth of its original ™ an^d^m ^ 

1 volume of mct iylated ^ of amylose varies between 20 and 

S" wSt of pot’Tw starch u^sed in the separation. 

Nonhydrolyaing Phosphorylation of Starch and Glycogen 

by Alkaline Phosphatase 

1 a ^9^1 obtained in crude state, from dog 
Van Thoai and coworkers (25) obtameo^^^^^^^^ 

intestinal mucosa, an alkaline p \o P without hydrolysis. Thus, 

of phosphorylating cornstarch and g y b g a “ lytic ” type 

this enayme differs ''•'■m PliosP ’ concentrated by dialyzing an 

Itoul tollo«d by precipitation with acetone. 

. Production of Extracellular Starch In Cultures of Capsulated 

Yeasts 

J T -KoxarUr f2fi) reported the interesting obser- 
Aschner, Magcr, and Lcibom z when grown in 

vation that Torulopsia rotundaia, a cm 
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a simple inorganic salt medium with glucose as source of carbon, ammo- 
nium sulfate as the source of nitrogen, and a supplement of thiamin 
as a growth factor, produced a substance which gave a steel-blue color 
with iodine. The substance was found in the medium as well as in the 
large capsules by which cells of this species are usually surrounded, but 
it could not be detected within the cells. Several grams of the sub- 
stance were prepared. It had all the properties of amylose. Twenty- 
five different yeast strains belonging to various taxonomic groups 
produced no amylose under similar conditions. Among the capsulated 
Torulopsis yeasts, the only species other than T. rotundata available 
to these investigators was the pathogenic T. neoformanSj also known as 
T. histolytica or Cryptococcus hominis. This strain formed amylose 
in exactly the same manner as T. votuudata. There was no statement 
in this paper concerning the necessity of phosphate in this synthesis. 


Bacterial Production of an Amylopectinlike Polysaccharide 

from Sucrose 

4 

Hehre and Hamilton (27) obtained a polysaccharide in quantities 
as large as 3 to 5 grams per liter from cultures grown in 5 per cent 
sucrose broth, using bacteria of the Neisseria genus. The polysaccha- 
ride was soluble in cold water but not in 50 per cent alcohol. It gave a 
purple-red color with iodine, which reaction was rapidly lost upon 
treatment with saliva. In other respects the polysaccharide resembled 
glycogen and amylopectin. Other sugars, such as glucose, glucose and 
fructose, maltose, lactose, trehalose, melibiose, raffinose, or melizitose 
could not be converted in a similar fashion. The enzyme responsible 
for this reaction has not yet been isolated. 

Bacterial Synthesis. Washed bacterial cells obtained from glucose 

broth cultures of N eisseria sp. are incubated with 0.05 M solution of 
sucrose in maleate buffer of pH 6.4. 


SUCROSE PHOSPHORYLASE 

The bacterium Pseudomonas saccharophila contains a sucrose phos- 
phorylase, which catalyzes the reversible reaction (28) : 

Glucose-l-phosphate-f fructose?^ sucrose -{-inorganic phosphate 

Hassid and collaborators (28) isolated sucrose from this reaction 
mixture m pure state. This experiment explains how sucrose is formed 

structure of the 
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CH2OH 


H HOH2C 




CH,OH 


Structural Formula for 


SuCROSll(a-D-GLUCOPYRAN0Sir)O-/3-D-FRUCTOFURANOSIDE.) 

Preparation of Sucrose Phosphorylase. The enzyme is 

from dried cells of P. saccharophila with M/30 phosphate buffer at 
pT 6 64 It is separated from invertase by repeated fractional pre- 
cipitation with ammonium sulfate. When the J 

- r C?.rer^Ss tl'enr - S rsodi/m huor.de 
'^Ha“'id and ooworkers (28) recommend the following simple method 
^flsTrlmi^/KX! Wate and 15 grams of tatose is 

pH IS adjusted to d.o w , ^ ^ 1 volume is made up 

Toto c! “ T sTh “ :^e1 "’at during incubation (12 hours 
to 3UU ^ ^ OQO r 1 The yield is 3 grams of sucrose. 

“‘^stolCLe can a>-omWn^^^cos.ljhosp^^^^^^^^^^^ oth- 
ketose monosaccharides, ^ThuT two new crystalline non- 

rlcTn^rathTridef^^^^^^^ synthesized and their structure has 
been found to be analogous to that of sucrose (3 ) . 

Phosphorylation of Pyruvic Acid 

Lardy and Ziegler (32) , using 

tated rat muscle extract, hav^shownjhat to reacU^^^^ y 

matically phosphorylated when 

supplied by the oxidatio g Y needed in much lower con- 
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phopyruvate from pyruvate. Lardy and Ziegler have demonstrated 
by the distribution of and by direct synthesis, that pyruvate may 
be enzymatically phosphorylated by ATP in the i)resence of K+ and 
Mg++ to produce ~pHPy (high-energy phosphopyruvate) , and that 
it is not necessary to postulate 4-carbon intermediates in this synthesis. 
Yeast probably contains an enzyme of similar nature (33). 

Phosphate Transfer via Aldehyde Oxidation 

3-Phosphoglyceraldehyde is oxidized to 1,3-tliphosphoglyceric acid 
(Warburg). The oxidation brings about the inclusion of the inorganic 
phosphate into carboxyl phosphate, which can then react with ADP 
(adenosinediphosphate) to form ATP (adenosinetriphosjihate). The 
energy derived from this oxidation is stored in the ATP. Such an ATP 
synthesis occurs during the fermentation of glucose in intact cells (34). 


Hexokinase 

Hexokinase is present in all glucose-fermenting cells. It catalyzes 
the transfer of one phosphate radical from adenosinetriphosphate to 
hexoses (glucose, fructose, and mannose) with the liberation of 1 
hydrogen equivalent of acid in the following manner (35, 36) • 

Hexose -f- adenosinetriphosphate = 

hexose-6-phosphate -j- adenosinediphosphate 

Preparation. Meyerhof (37) prepared hexokinase by plasmolyzing 

extracting the liquefied yeast with water 

alcohol at 0» C. Berger and coworkers (38) improved Jws prooedlij^ 
by plasmolyzing in the presence of 1 per cent glucose and 0 05 M 
acetate at pH 5.2 to 5.4. The glucose protects the hexokTnase ' fLm 

paredto this .S'"'*' <39). «aing a yeast extract pre- 

pared in this manner, and concentrating and fractionating the veast 

electric point at pH 4.8 and a molecular weight of 96 000 HexoT- 


Phosphoglucomutase 


1 
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comutase changes glucose-l-phosphatc iCori ester) 

phosphate. The conversion is very extons.ye s.nce 95^ The“ ac 

the Cori ester is changed to glucose-6-phosphate at 30 C. The^ eac 
tion is reversible. The activity of the enzyme is increased by ^ , 

Mn++ or Co++. The optimum pH is at 7.5 to 9.2. Piospioguco- 
mutas’e does not act on mannose-l-phosphate or galactose-l-phosphate 

(42J. 


Phosphohexose Isomerase 

This enzyme is present in muscle extracts and in yeast and other 
1 tet Tt catalyzes the equilibrium between glucosc-6-phosphate and 
f™:::se-«ratc T.: oc,uii.hrinnr nhxturc contains 70 per cent 

glucosc-6-phosphate (43, 18) . 

Triosephosphate Isomerase 

glyceraldehydc: 


CH2OPOSH2 

C:0 

' ^TT 

CII 2 OH 

PhoBphodiliyUroxyacotone 


CH 2 OPO 3 H 2 

CH(OH) 

CH ( : O) 

PhoBphoglyccruldchyde 


The equilibrium w.th ^ yghly active triose- 

phosphate isomerase were fractional 

tissue by Meyerhof ami Beck (45) Jie„ „„ cupric oxide, and 

sulfa , This product was free of 
elution with phosphate buffer at pH 7.2. ims pr 

phosphohexose isomerase and of aldolase. 


Phosphoglyceromutase 


This ensyme is present in most cells. It^^ composition 

acid into 2-pho8phoglycerie acid (46)^ ^H„wcvcr, S-phosphoglyccric 
of the eqnilibrium mixture is not >'"»»"■ with cnolasc, 

:tti\Z:Llp»iycc^^ acid into the cno, form of phospho- 
pyruvic acid. 
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The Role of Acetylphosphate in Metabolism 

Work carried out in several laboratories indicates that acetyl phos- 
phate plays a very important role in metabolism. Ingested acetat<’, 
when observed by the isotope procedure, ap])ears in a great variety 
of substances. Fatty acids, cholesterol anti other sterols, hemin, and 
glycogen have been found to be synthesized from some of the ingested 
acetate. These studies are being extensively expanded in order to 
establish the role of acetate in metabolism, chemo- and jdiotosynthesis, 
etc. Lipmann (47) has reviewed the subject in great detail. 


PREPARATION OF SOME COMPOUNDS BY PHOSPHOR- 
YLATION WITH YEAST 

Preparation of </-Fructose-l,6-Diphosphate 

(C 6 Hio 04 (P 04 Ca) 2 -H 20 ) with the Aid of Yeast (48, 49) 

To a solution of 400 grams of sucrose, 83 grams of monosodium i)hos- 
phate (NaH 2 P 04 - 21120 ), and 44 grams of sodium bicarbonate in 2000 
cc. of tap water, contained in an 8-liter bottle, are added 600 grams of 
fresh bottom yeast (certain bakers’ yeasts may also be used) and 
100 cc. of toluol (ether, benzene, or carbon tetrachloride) . The mix- 
ture is shaken until homogeneous and placed in an incubator at 37° C 
until phosphorylation is complete (2 to 4 hours). Completion of thi^ 
process may be determined by adding 3 cc. of 2.5 per cent ammonia and 
1 cc. of 10 per cent ammonium chloride to 2 cc. of the filtered fermenta- 
tion mixture, and then adding magnesia mixture. A precipitate does 
not form immediately when the reaction is complete 

When phosphorylation is complete, a few cubic centimeters of a 10 
tfon mature ?h' “‘f t<> tl><= fermenta- 

,Z r .*7,; ^ ® to phenolplithalcin by 

.t ,=itt “ 

7?i 71 Srd’aldSccTft?" ''r'r* “ 

lain, and then it is hea^ in atr “ 
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precipitate is filtered and washed with warm water. The yield is about 

:;royla”eas caiciu.n and barium phosphate am msolubte. 

Thus, Add. Hexosediphosplmric 

uef/rst: t destLd r?.:: 1?^ 

Ivanoff in 1905. it is ca hovi,,m salt with an equimolar 

may readily be Jj Frucloscdiphosphoric acid is a 

tetra basic acid strongei t th P 

dextrorotatory {[<x]v - >■ ^ . id as well as its 

is slightly less levorotatory “,2'“ ' Fruetosediphosphoric 

salts, readily reduces boiling p:„;tate with magnesia mixture in 

^hfpmstnl: d dilt°te"mnmla“ ' On boiling, the calcium and barium 
salts form precipitates which dissolve again on cooling. 

Preparation of Fructose-6-Phosphate, CcHmOsPOrHs (50) 

.d crams of calcium fructosediphosphate is 

Thirteen and seven-tenths g minutes. There- 

^'f^tthe Scr oxair is flltered ^ 

^irrU^sdron^rc^^e-Thos^hate is precipitated by the addition of 
alcohol. The yield is 9 f . it reduces Fehling solu- 

Fructose-a-pnos- 

phor’ic acid is called the Noiiberg ester. 

.■ M Crvstalline <i (-) 3-Phosphoglycerate, CsHsOvPBa- 

preparation of Yeas. (51) 

One hundred twenty grams of rf ™ter’. 

and 6.6 grams of sotom biearbon^^^^^^ (bakers’) yeast anil 

Three hundred grams added. After mixing, the sugai u 

90 cc. of carbon tctrachlori temperature (the clca^‘ 

allowed to phosphorylate for 24 hours at lo i 
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filtrate should show a negative test with magnesia mixture). With 

fresh bottom yeast, however, phosphorylation is completed in 2 to 4 

hours. At this stage, 840 cc. of 2 per cent acetaldehyde solution, 140 

cc. of 0.2 M sodium fluoride solution, 1200 cc. of 10 per cent glucose 

solution, 380 grams of fresh yeast, and 20 cc. of carbon tetrachloride 

are added. After shaking, the mixture is allowed to stand for 24 hours 
at room temperature. 

For deproteinization, 5 cc. of glacial acetic acid is added, and the 
mixture is heated in a boiling water bath for 30 minutes. Then it is 
centrifuged. Per 100 cc. of clear fluid, 5 cc. of glacial acetic acid and 
7 cc. of 50 per cent barium acetate solution are added ; the mixture is 
quickly filtered. The clear filtrate is placed in a refrigerator. Crys- 
tallization begins soon and is complete after 48 hours. The crystals 

are filtered under suction and washed with water. The yield of crude 
substance is 16.8 grams. 

Purification. Four grams of the crude barium salt is dissolved in 
280 cc. of 0.05 W hydrochloric acid; the mixture is then warmed and 
filtered. To the clear filtrate, 560 cc. of alcohol are added. The 
jDrecipitate, which is at first milky, soon changes, on stirring, into 
lustrous crystals. The substance is allowed to crystallize in the refrig- 
erator. It IS filtered by suction and washed with alcohol until free 

from chlorine. The yield is 3.5 grams of pure acid barium salt of 
phosphoglycenc acid. - 


Properties of </(-)3-Phosphoglyceric Acid. This acid is readily 
changed to varmus compounds, biologically. It is, however, very 
resistant to acids and alkalis. The free ester is ievorotatory- 

Ibah+Kr crystalline salt is only 

ightly soluble in water. The properties and biological importance 

of the ester have been discussed by Neuberg and Lustig (51) 


Analysis of Phosphoric Acid Esters (52) 

The best method for the analysis of phosphoric acid esters is to 
Mow the velocity of hydrolysis of the ester in N hydrochloric acid L 

4 

Velocity of Hydrolysis by Hydrochloric Acid u 

solved in AT hydrochloric acid to make a solution of 1^/1^ P 

Bariummay be removed hv ad din rr or, „ • , ^yi/wu — p. 

sulfate. The barium sulfate is centrifuge““ff L'd tow’' 

Placed in 3-cc. ampules whlh aft 

covered, vigorously boiling water bath. Inorganic pho“s dtr! 
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mined in samples of 0.5 to 1 cc. of the solution. The method is 
applicable only if the components of the ester mixture show 

hydrolysis constants 


I a 

k = -log 

t a — 


X 


Velocity of Hydrolysis by Sodium Hydroxide. In N/5 sodium 

hydroxide, fructosediphosphate is hydrolysed 100 P“ ® 

/hereas hfxosc-6-phosphato is split only 60 per cent nndei these con 
ditions. 
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CHAPTER V 


nucleases, amidases, and deaminases 

nucleases 

Ribonuclease 

nconf m t.hc nancreas, pancreatic juice, hver, lungs, 
r/rbfor Ribcuclease depo.ymeri.es yeast or riboaue.em 

acid (a tetranucleotide) ; 


Phosphoric 

Phosphoric 

Phosphoric 

Phosphoric 


acid 

acid 

acid 

acid 


Ribose 

Ribose 

Ribose 

Ribose 


Guanine 

Uracil 

Cytosine 

Adenine 


L V • Dell the nucleic acids are further polymerized by 

In the living cell, the nuci acids into mononucle- 

unknown bonds. Ku^clcases Ribonuclcasc acts only on 

otidcs (ph‘>sp''atc-ribosc-organ )-^ hydrolyzed by dcsoxyribonu- 

yeast nucleic acid. Tiymonu i-nononucleotidcs are not 

Ilease. In contrast to the J are liberated, but 

precipitated by glacial acetic there is a shift in the 

not phosphoric acid. Kuni * substrate towards the shorter 

ultraviolet absorption change in the absorption spectrum for 

wavelengths. He applied activity. The mano- 

thc quantitative dctermina i groups arc liberated (2) . 

metric method may also be sinc^^^^^^ measuring the enzyniic 

r:„m"o? r— into smaller Raiments, since sa s 

is chopped and extracted with 0.25 ^ ^ ^ ^^turated. The mixture is 
sulfate is added to rnake ^ ^^Ifate is added in order to 

filtered, and more saturated am g^ction. 

make the solution ^c is dissolved in water (10 cc^ 

The precipitate containing the i. y saturated 

ZZZZL is added until it becomes slightly turbid 
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is adjusted to 5 with N sodium hydroxide and readjusted to pH 4.2 
with N sulfuric acid. The solution is allowed to remain at 20° C. 
for a day or two. The ribonuclease first precipitates in an amor- 
phous state, which gradually turns into crystalline needles and later 
into plates. The enzyme may be recrystallized by dissolving in 
water and adding ammonium sulfate. 

Properties of Crystalline Ribonuclease. Kunitz has shown that 
this enzyme is an albumin. Its molecular weight is 15,000. The 
enzyme is quite resistant to heat. There is no activity at 85° C., but all 
the enzyme activity returns on cooling. The ribonuclease may even be 
boiled at pH 2 without being destroyed. At pH’s closer to neutrality, 
the enzyme is much more sensitive to heat, and at pH 5.0 it is rapidly 
denatured and destroyed. The enzyme is most active at pH 7.6. 

DeSOXYRIBONUCLEASE or THYMONUCLEODEPOLYMERASE 

The substrate of this enzyme, thymonucleic acid, consists of the four 
nucleotides guanylic acid, adenylic acid, cytidylic acid, and thymic 
acid; each of the four contains desoxyribose. Desoxyribonuclease is 
present in the pancreas, in the intestinal mucosa, in grains, and in seeds 
(5). Desoxyribonuclease hydrolyzes thymonucleic acid into mono- 
nucleotides. Acid-soluble phosphorus is also liberated. This may be 
used as a basis for determining the activity of the enzyme (6) . 

Preparation. McCarty (7) published a method for the purification 
of desoxyribonuclease from beef pancreas. The fresh glands are 
obtained at the slaughter house and at once immersed in cold 0.25 N 
sulfuric acid. Then the glands are ground and suspended in 2 volumes 
of cold 0.25 N sulfuric acid. Extraction is allowed to proceed in the 
refrigerator overnight. The mixture is filtered, and the filtrate is 
brought to 0.2 saturation with solid ammonium sulfate. The precipi- 
tate is discarded. After the filtrate is brought to 0.4 saturation with 
solid ammonium sulfate, the precipitate is allowed to separate for 1 or 
2 days in the refrigerator. All the desoxyribonuclease is contained in 

the precipitate. The solution contains ribonuclease, chymotrypsino- 
gen, and trypsinogen. 

The precipitate at 0.4 saturation is redissolved in a small volume of 
water and brought to 0.17 saturation by the addition of saturated 
ammonium sulfate solution. A small amount of precipitate is formed • 
this is discarded. The filtrate is brought to 0.3 saturation with ammo- 
nium sulfate. The precipitate is dissolved in water and refractionated 
between 0.17 and 0.3 saturation with ammonium sulfate. The final 
0.3 saturated precipitate is dissolved in water and dialyzed in the cold 
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(rice, bran, molds, roots, leaves, seeds) act best at their respective 
optimum pH’s on nucleotides. Neither the “ acid phosphatase ” nor 
the “ acid nucleotidase ” reaction can be activated by magnesium ions, 
but both are inhibited by sodium fluoride. However, the “ alkaline 
phosphatase ” and “ alkaline nucleotidase ” reactions require magne- 
sium ions (9) . 


Nucleosidases or Purine Nucleoside Phosphorylases 

Kalckar (10) has shown that the nucleosidases are actually phos- 
phorylases. The action of the purine nucleoside phosphorylases is a 

phosphorolytic process resulting in the following type of reversible 
reaction: 

Ribose-l-purine phosphate Ribose-1 -phosphate -f purine ' 

Kalckar prepared the purine nucleoside phosphorylase from rat liver. 
He found it to be a highly soluble protein which is inactivated by 
dialysis. The activity was restored by the addition of phosphate or 
arsenate. He named the enzyme purine nucleoside phosphorylase. 
When a purine nucleoside (inosine or guanosine) is hydrolyzed, one 
mole of phosphate is bound into an acid-labile organic linkage for each 
mole of purine liberated. When ribose-l-phosphate is incubated with 
hypoxanthine or guanine in the presence of liver nucleoside phosphor- 
ylase, a rapid synthesis of purine nucleoside occurs. The position of 
equilibrium favors the synthesis of purine riboside. 

Nucleosidases have been frequently studied. They are present in 
liver, heart, lung, and small intestine (11). Small amounts of nucle- 
osidases occur in leaves, fruits, seeds, and roots (9). However, emul- 
sin of sweet almonds does not hydrolyze nucleosides. The intestinal 
nucleosidases readily split pyrimidine nucleosides. For methods for 
the preparation and estimation of these enzymes see reference 10 
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open carbon-nitrogen linkages. Most of these enzymes 
lonia from their substrates ; some, however, act in a diff er- 


Aeginase 


Arginase was discovered by Kossel and Dakin 
poses i ( -I- ) -arginine into ornithine and urea. 


in 1904. It decora- 
This reaction is an 
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activates also at pH 8.2. The active substance is in the globulin 
fraction of the jack-bean extract. 

Kinetics of Liver Arginase. The optimum pH of liver arginase is 
close to 10. With purified liver arginase and in the presence of man- 
ganous and cobaltous ions, hydrolysis of arginine closely follows the 
first-order reaction equation. The Michaelis-Menten (enzyme sub- 
strate dissociation) constant varies with the pH, yielding a U-shaped 
curve, with the minimum value at pH 8.0. On the assumption that the 
active enzyme intermediate is composed of the monovalent cation of 
arginine and the anionic portion of arginase, Greenberg and Mohamed 

(18) obtained the following equation for the true enzyme substrate 
dissociation constant; 

Ks (true) -fi -T 1^ = Ks (experimental) 

Here, Ks (experimental) represents the enzyme substrate dissociation 
constant based on experiments at different pH values, K^ is the dis- 
sociation constant of arginine (9 X IQ-io), and K^ is the dissociation 
constant of the enzyme (approximately 1 X 10-7)- With the aid of 
this equation, Ks (true) was found to be 4.5 X 10~3. 

Bach, Crook, and Williamson (19) studied the participation of 
arginase in urea synthesis in the liver. They conclude that, in addi- 
tion to the “ ornithine cycle,” there must exist another synthesizing 
mechanism in the mammalian liver. Van Slyke and Archibald (20) 

published a gasometric and photometric procedure for the determina- 
tion of arginase activity. 


Histidase 

This enzyme occurs only in vertebrate liver, cat liver being the best 
source. Edlbacher and von Bidder (21) gave, the following values of 
histidase activities, in terms of cat-liver histidase: cat, 100- guinea pie: 
« ; rabbit, 29; pigeon, 42 ; rat, 36 to 40. The entyme may 'be prepared 
by grinding the fresh tissue with sand, shaking the mixture with water 
and centrifuging. Though this solution is quite active, it is difficult 
to obtain precipitates by the usual procedures. Walker and Schmidt 

method^^^^°^^ highly active histidase preparations by the following 

H f at room temper- 

ature passed through a meat grinder, and extracted with 5 parts of 

on a Bachner funnel with the aid of Supercel. To eTi; IfSe 
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believed to convert histidine to ammonia, glutamic acid, am 

rrtrmlmidino gtutanc acid. The substance produced from histidine 
by the action of histidasc could not be isolated. 

A.SPAKA(*.1NASE 

Tliis cnzyliK' i» present in bacteria, yeast, higher <22), the 

si,ri, intestine, an.^ the liver (231. p,*'" 

nitrogen from l-ft-asparagine, converting it to i-.isp.utn 

Busch f24) has shown that ' ' ' “ h i 0 "^' ftf™aura''meto 

be considerably increased y le ^ .isparaginc and aspartic 

aciil. Samples of asparaginase of vm ms sou e U ^ 

cal, since they ali - - , “o s' Loiuicly spcciflc, and 

acids and organic solvents, this enzy 

other enzymes do not attack aspaiagmc. 

Asi’Autakb 

This amidase may be 
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deaminates aspartic, acid, yielding 

ClOOIICHzClINIleClOOlI z- COOHCHtCIICOOII + NH. 

1 w Jf (27) have shown that this reaction is 
Quastel and Woolf (27) have absolutely 
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Lichstein and Umbreit (28) have found that bacterial aspartase and 
the enzymes that deaminate serine and threonine may be resolved and 
that the lost activity is restored specifically by biotin. 


Hippuricase or Histozymase 

The synthesis and hydrolysis of benzoylated amino acids, such as 
hippuric acid (benzoyl glycocoll), into benzoic acid and glycocoll was 
attributed by Schmiedeberg to a specific enzyme which he named 
“ histozyme.” This enzyme is present in muscle, liver, pancreas, and 
other organs of mammals. Hippuricase splits acid radicals from pep- 
tides and amino acids of the type RCONHCHR'COOH. Only deriva- 
tives of natural amino acids are hydrolyzed, and racemic mixtures may 

be separated by the use of the enzyme (29) . Hippuricase also splits 
glycoholic and taurocholic acids (30). 

Hippuric acid is not synthesized by tissue extracts containing hip- 
puricase (31). However, synthesis can be performed using slices of 
rabbit liver and, with lower yield, using liver pulp. The concentration 
of the liver pulp is of more importance than the integrity of the cells. 
Dilution inactivates the enzyme and, therefore, lowers the yield in 

hippuric acid. In the dog, the same organs (liver, kidney) produce 
hydrolysis and synthesis. 

In order to determine the steps by which nicotinic acid is metab- 
olized, Lanfranchi (32) subjected nicotinuric acid to the action of hog 
intestine hippuricase. In 48 hours, 96 per cent of the compound was 

cleaved. Under the same conditions, hippuric acid was 99 per cent 
hydrolyzed. 


Urease 

The ammoniacal fermentation of urine, the change of urea to am- 
monium carbonate by Micrococcm ureae, has been known a long time. 
Later, urease was prepared from various bacteria, from molds, and 
rom mushrooms. Urease is found in all leguminous plants (33) and 
in varying amounts in other plants. Jack bean {CanavaUa ensi- 
/om«) is the best source. Weil (34) found that red blood cells of 
rat, rabbit, and man possess urease activity. Similarly, rat liver and 
rat spleen contained some urease, but none was found in kidnev 
gastric mucosa, pancreas, brain, thymus, or muscle. The function of 
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Action and Specificity. In the presence of buffers, urease deeom- 
poses urea into ammonium salts and carbonic acid. Howev^ when 

L absolutely ‘specific. It acts only on urea. Methyl urea thiom-ea, 
guanidine, and related substances are not attacked, nor do they sho^^ 

^"inhibiHon'' and Inactivation. Schmidt (37) found that heavy 
metal inactivate urease in the following order: silver, mercury, copper, 
II cad™.u,n, uranium, gold, loa.l, cobaH nickel, 

Onfgram-atom of ailver inactivates moco than 40 000 gtmns of uvease 
Ind somrler substances have a protective action on this enzyme^ 
irhtatl I 'ctifn^rf^ uncase .nolceulc, Hotveven, Hcllenm.an 

fouid that the more readily traceable sulfhydryl J ™ 

^ i Tf Id (lostrovccl bv strong rcductants and by 

Str T,feltdin^‘ apSrrlmlLte It urease contains 

necessary .mechanism of inhibition of urease 

Mapson (42 aci.l and related substances, 

by copper salts in the picsen „„ir,-vdrvl croups for its activity. 

He concludes that urease rcquii . Urease that had been 

This onsytne does not require a '“"/y , by oxidising 

inactivated by some by treatment ivith hydrogen 

thIaTblf C ill uroas'e action but that the acidic dyes 
Walks Urease activity depends upon the type “' buffer tj« 

o f per .nt ..a 

L" TeTZ docom:«ra of urea by mease in the presence of 

buffer, follows 'be course of a sero-^^^^^^ i„ 

llrirncri^ wall r,rst to obtain an ensyme in erystalline krm. 
The foirwing is » lakr modiiieation of 8umner s method (47, 48) . 
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One hundred grams of jack-bean meal (Arico) is stirred 7 minutes, 
with 500 cc. of 32 per cent acetone at 25° C. The mixture is poured 
on the filter, and when about 100 cc. of filtrate comes through it is 
allowed to filter overnight in a refrigerator. Microscopic octaliedric 
urease crystals separate. The urease crystals are centrifuged, pref- 
erably in a cold room. The supernatant is decanted. The crystals 
are dissolved and transferred to a 15-cc. centrifuge tube, using (2 cc. 
at a time) a total of 6 cc. of water. The mixture is centrifuged at high 
speed (1 to 2 hours) until the liquid is almost clear. The urease 
solution is pipetted into a Pyrex test tube. The enzyme may be recrys- 
tallized by adding, for every 20 cc. of supernatant, 1 cc. of 0.5 M 
citrate buffer of pH 6.0 (95 volumes of 0.5 M trisodium citrate and 5 
volumes of 0.5 M citric acid) and 0.2 volume of pure acetone with 
stirring. The solution is placed in a refrigerator. Crystallization is 
almost complete after 30 minutes. Urease is a water-soluble protein. 
It has a molecular weight of 483,000 (49) . 

Other Amidases 

Allantoinase, an enzyme present in amphibians and fish, hydrolyzes 
allantoin into simpler compounds. The exact course of this reaction 
is not yet known (50). Another enzyme that acts on allantoin, con- 
verting it to allantoic acid, has been described by Fosse and coworkers 
(51) . This enzyme is present in amphibians, fish, and plants. It had 
been named allantoicase. Two different glutaminases have been 
described by Krebs (52). These enzymes are found in different ani- 
mal tissues. They convert i-^-glutamine to i-glutamic acid. The two 
enzymes have different pH optima. 


DEAMINASES OR NUCLEIN DEAMINASES 

The deaminases add oxygen and remove ammonia from their sub- 
strates. Gaseous oxygen or hydrogen acceptors are not necessary for 
these oxidations. 

Guanase is found in most animal tissues 
(53) Adenase however, is present only in cows’ milk and in cows’ 

muscle (54). Adenase converts adenine to hypoxanthine and aramo- 

guanine to xanthine. Schmidt (53) 
found that the action of guanase increases from 5 to 9.2, having no 

definite pH optimum. Kalckar (10) has published a method for the 

pr^aration of guanase which is free of nucleoside phosphorylase. 

Deaminase. This enzyme is present in heart, liver 
pleen, muscle, pancreas, intestinal mucosa, nerve tissue, and erythro- 
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cvte^ (55) Thi^ cnzvuie present in most mammalian tissues (55, 
56). Conway and Cooke (55) found that adenosine deaminase and 
mlonvlic acid deaminase occur mostly to< 2 ;ethcr. However, liver, eic - 
ney, smooth muscle, and ^■entricle muscle of the heart contain on y 
adenosine deaminase. This enzyme changes adenosine (adenine n o- 
side) into hypoxanthosine (hypoxanthinc riboside) and ammonia 

Kalckar (10) has improved the method of Schmidt and Thannhauser 
for the preiiaration of calf intestinal deaminase. He succeeded in 
dco-elopins a method by which other enzymes were removed and the 
preparations so obtained showed very high activity. These prepara- 
tions were most active at /iH 7 and were almost two-thirds as active at 
pH 9 and at pH 6 as at the neutral point. Kalckar described a spectro- 
photometric method for the quantitative detcrimnation of vaiious 

])urines. By this method siiectral changes in the . 

measured as induced by the addition of spccihc purinc-splitting 

""S'‘(56) found that purified calf intestinal phosphatase contains 
. very active deaminase which acts at pH 5.9 on adenosine and 
desoxyriboadcnosinc but not on adenylic acid, ribonucmic acu , 
desoxyribonucleic aci<l. This enzyme had 

is very sensitive to silver ions, being 50 per cent inhibited by 4.0 X 10 

(57) studied 

d:Sation o^ adenosine appeared to be a pseudo ummolecular reac- 
tion 111 ) to 50 per cent conversion. , 

Guanosine Deaminase. Tliis enzyme is present in rat sp ecn, k - 

I 1 'f nnfl ]\vov (58) However, ndenaso is absent from all 
neVi node, l)rain, and livci \oo), nf 7 0 (5Q) 

I liL Tl.o <.p( imuin pH of BUonnsino deaminase is “llO “ • ' 

iniHh'e -IplKispluirie acid and annnonia. Tl.ecnsyinc is most active at 

deaminates only adenylic acid g, 

68-60) . This enzyme has so far not P P . ^ or 

but only as finely dispersed "'“P™™"'; ( 59 , ,„und that 
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low temperature. This enzyme has a very sharp optimum at pH 5.9 

(10, 60). The activity at pH 7.0 is less than one-fifth of that at pH 

5.9; thus it is important that studies with this enzyme be carried out 

with well buffered solutions. Kalckar (10) recommends the use of 

succinate owing to its high buffering capacity at pH 5.9 to 6 and its 

inertness in the ultraviolet region. He has also published a method 

for the preparation of adenylic acid deaminase using the skeletal muscle 
of the rabbit. 

Guanylic Acid Deaminase. Schmidt (53) described a specific 
enzyme in rabbit liver that deaminates guanylic acid to xanthylic acid 
and ammonia. He found that the enzyme is most active at pH 5.3 
to 6.5, and that it is considerably inhibited by small amounts of fluoride. 
However, Levine and Dmochowski (62) could not find this enzyme in 
pig liver. These investigators stated that guanylic acid is a very 
labile substance, being decomposed to an extent of 40 per cent in 48 
hours under the conditions of the experiment. 

Cytidine Deaminase. This deaminase changes cytidine (cytosine 
riboside) to uridine (uracil riboside) and ammonia. This enzyme is 
present in rabbit liver and intestinal mucosa (63) . 
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CHAPTER VI 

PROTEOLYTIC ENZYMES 

All proteolytic enzymes attack peptide linkages. These enzymes are 
divided into proteinases and peptidases. The proteinases hydrolyze 
intact proteins to proteoses, peptones, peptides, and some amino acids. 
The products of proteinase action are further hydrolyzed by peptidases 
to amino acids, and in the case of leucine peptidase, ammonia is also 
formed. This classification, however, is only arbitrary, since protein- 
ases also split peptides. For practical use, however, the old classifica- 
tion of proteolytic enzymes should be retained. Bergmann and associ- 
ates have proposed a more exact classification of this group of enzymes, 
which uses synthetic compounds as the substrates for the proteolytic 
enzymes. The new classification will be presented in detail. 

It is important to note that in nature proteolytic enzymes exist as 

mixtures of this and .other types of enzymes. Cells (organisms) are 

often classified according to the types of enzymes they are able to 
produce. 


The Protein Molecule 

Chemically, proteins are built of hundreds of amino acid residues 

bound to one another through peptide linkages to form long chains 

These long chains consist of 16 to 25 different amino acids combined 
in varying proportions : 


R' 


R 


u 


R 


m 


R 


ntf 


NH-CH-CO-NH-CHCO-NH-CH-CO-NH-CH-CO- 

General protein formula 

linkages has been called the “ backbone > 
of the protein molecule by Bergmann and associates. From the back. 

backbone. Thus, at the point in the oUrZ't atSnf “"r*" 

appears, it is an isobutyl group ; wLre a dvcinc n r ‘ 
iust a hydrogen atom, and so forth. 
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PHOTKOIA'TIC enzymes 


It obvious fnun this that the nature of the protein molecule is 

i.v the type, relative number, and sequence ot the R groups 
its molecu'le. The nature of the R groups is ivell known, but not 

Iheir iTlativc* number. 


Spkcificity and Classification 

In rcpcnt voars BcrRin.inn and assneiatos, iisiiiR a lai-Ro miinber of 
«v dl in n,i,st,-aU.s, l,ava ,nad.- in.porlant ron.rilnd.ona conconmns 
, , . ' fin V of prot.-olyti,. onaynK'S. On tla- basis of thoso rcsoanches 

l,v ox,..n.l.nR tbo findings of oanbor ovoricons, thoy bavo proposed 
,|,e folloa-inR elassifiealion tor H.e inoleolytrc 

points of attaek: one is (he (.■(CNII gronp or son, c port. on U . the 
other is in the " baekbone ” of ll.e snlistratc .n.decule a. d diffe , 

w ill, ll.e type of (be ensynna Tl.e nartne of ll.e K R,nnp 

tiun in the backbone to tlu' sensitive peiitide linkage ofteis the busib 

tlic classification of iiroteases into four major groups, as suiwn 

Tal)le XIV 13). 


TAHEI-: 

Cl-AHSIFI(’ATION OF PuOTKOLYTIt? 

Oroup No. Linkan<^ Altnrkcd 

11 

1 

XIV 

lbN7.YMKS (BvmnMANN-FnUTON) 

Ckissifu^alion 

I 

NHo-C’lICOxNH- 

11 

Ainino|M'pti(l*v<t'^ 

■ PN(»pcpt.idtu‘’OS 

n 

•CO i-NHCIl COOH 

i 

i 

CurboxyiM'plidnwcrt , 



It 

1 



III 

.C 0 -NHCIIC 04 nH- ProUMniumis 

11 

A 

Endo|)cptidnfio 

IV 

1 

•CO :-NH Cn CO— NH- 
• 

• 

ProtoiniiMOH 



T nnd TT (Table XIV) contain enzymes that can attack 

Hubstrutes only at the end of the peptn c _ ^^I^ 

as nminopept'i'lft”®! belongtng to g o i , , . , j pepti- 

p.q, tide linkage adjacent to the anuno end of the Cham. 
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TABLE XV 

Specificity of Proteolytic Enzymes (Bergmann-Fruton) 


Enzyme 

Requisite Groups in Substrate 

Backbone 

Requisite Groups in 
Substrate Side Chain 

Leucine aminopeptidase 
fromintestinal mucosa, 
beef spleen, beef kid- 
ney, and swine kidney 

P eptidases (Exopepddases) 

R 

NH2 CH C0^NH . . . 

CH3 

\ 

CH-CHz . . . 
/ 

« 


CHs 

Chymotrypsin amino- 
peptidase 

Same 

HO-CeHd-CHz . . . 

or 

Other aminopeptidases 

Same 

CeHs-CRz . . . 

Carboxypeptidase from 
pancreas, beef spleen, 
beef kidney, and swine 
kidney 

R 

. . . CO-^NH -CH COOH 

HO-C 6 H 4 -CH 2 . . . 
or 

C6H6-CH2 . . . 

Other carboxypeptidases 

Same 


4 

Pepsin 

Proteinoses {Endopeptidases) 

• 

Pepsinases from beef 
spleen, beef kidney, 
and swine kidney 

R 

• CO---NH CHX*CO-|-NH'CH . ; . 

HO-C 6 H 4 -CH 2 . . . 
or 

C6H6-CH2 . . . 


Trypsin 


Tripsinases from beef 
spleen, beef kidney, 
swine kidney, and 
papain 


R 


CO— NHCH-CO 


NH 


Chymotiypsin 


R 


. . . CO— nh ch-co 


NH 


NH2-CH2-(CH2)3 

or 

. NH2 
\ 

^•NH-(CH2)3. 

NH^ 

HO-C6H4-CH2. 

or 

• • C6H6*CH2 • , . 


dases of group II, such as carboxvDeDtidaso not nr, +1, l • 
peptide linkage adiacent to the ciboxyre^d of fc chat” ¥h! 


rUOTEOLVTIC EXZYiSIES 

aro «■. in i>ol.l-fn-'0 typo, nn.t the sensitive peptide linkage is 
deny,, l.v ^ ""'''"I taekbone necessities have 

,,„„lished belong " Klases. They 

action on central peptn t my ,,,p carbonyl group 

rctiuirc a lu-ptide bond • ^^nlit hv the enzyme. No proteolytic 

,,f the ix'i’tKle linkage, ik i identified. The suggestion 

..„zyn.e lieh-nging to gioup ^ i,p,>,tinal mucosa which 

lias liei'ii made, ho^^e^el, tha e -. o-roup (4). As 

hy.lrolyzes 'n'leylgl^ndglymne in.y h on 

-tatcl above .1 -y not 7;,'": J,',, Each proteolytic 

groups 111 the baekboni y j,,,, j„|„.,,.aic of a certain 

' 7 I'p''," an evlicllv defined position. In the second 

column "f ’ , ,1 of the R groups is 

shown f..r e:H-h of H"' enzymes, and the natuie 

listed in llie tldrd enlmnn. ^ substrate 

'Plie enzymes (hste.l) m ,ide groups: isobutyl, 

must eontain, for instance om <• . iionylalanine or tyro- 

as in lemdne; benzyl or In Tabic 

s,n.'; aminobutyl •„ the same group; this has 

II, enzymes of vane< m g ■ ^yj^thetic substrates. Such 

been done because tin y • 1 ^ r ^.io^yos" leucine aininopeptidases) , 

:7;:7d™.iem'rkbl.nn^^^^^^ r«,uiienieiits, arc called homo- 

specific enzymes. 

CmnomM Conokunimi nKimMANMV Ci-AsamcATion or 

R HOTKO 1 .YT 1 ( : Vi N Z Y M I'iS 

1 p Ivors ffil liave published results which seem to be 

llaringlon and Ri'Of^ (• ^ eoncerning the requirement of 

eontnidictory *" Rergmaiin s vicinity of the labile peptide 

,„„re than one free nirboxy g n ^ substrates for 

b„nd. an.1 the intnbi Hry effect, ‘ ^ ‘;;;;;\y';.,,y\eystino, cysteinyl- 

They ''7'“' ;7;E7,;';i;,'J,ig„ifle,.ntly rplit 'ty 7y»‘“">™ 

tyrosine, ami cy« ’"V V ^ peptides occurred at pB. 1.8 

IK-Iisin. The hydrolysis o > ^ pditides, however, 

,„„| 4.0, ningiiig friiiii " •*’ ^iy thim Um corresponding 

N.r„rb„ben.,«y deriviilivea Ha ringbm „ep,in 

.Ihe: ind'ac’: ™:'tb -houu. bo compared wl.,., «« mereaced 
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readiness to peptolysis, which results in some proteins upon denatura- 
tion, and the appearance of sulfhydryl groups. Bergmann and Fruton 
(1), however, have stated that pepsin substrates must contain at 
least two free carboxyl groups for optimal splitting, though they have 
demonstrated that this requirement is not absolute. Thus, carbo- 
benzoxy-i-glutamyl-f-tyrosineamide is hydrolyzed 15 per cent in 
48 hours, as compared to a 53 per cent hydrolysis of carbobenzoxy-1- 

glutamyl-i-tyrosine in 24 hours. A specificity that is less than 100 
per cent is not rare in enzymology. 

Roche and Mourgue (6) reported that papain liberates most of the 
total leucine from casein with a small amount of valine and short- 
chain polypeptides. Pepsin frees a small quantity of leucine and 
large amounts of valine and short-chain substances. These investi- 
gators believe that leucine is located at the end of the protein chains, 
whereas valine is not, and that this property of leucine explains the 
facility of transpeptidation by labeled Z-leucine after its ingestion. 
They conclude that pepsin has chiefly endopeptidase activity, while 
papain has both endo- and exo-peptidase action. Bergmann classi- 
fied papain as an endopeptidase. It is quite difficult, however, to 
distinguish between qualitative and quantitative differences in this 

respect when proteins are used as the substrates. Bergmann and 
coworkers employed synthetic peptides. 


Studies with purified proteinases have shown that they do not liberate 
terminal peptide bonds of the polypeptide chain in proteins to any 
considerable degree. Only a small quantity of amino acids is formed 
(7, 8) . The peptidases, on the other hand, are most active in hydrolyz- 
ing peptide linkages (2, 9) . It should be noted that Bergmann (2) and 
more recent y ynge (10) have called attention to complications that 
may occur m the application of this classification, owing to simultane 

ous during partial hydrolysis of proteins by X var ot 

proteolytic enzymes. vctxiuus 


PEPSIN 

las'll first observed in 

by Sehwann, who called the enzyme responsible for this effect 

of the gastric mucosa. It had been shown tit of +ia ^ ® ^ 

uorirera«1b»tTvo2d" STuc^^^Lm:, ^^Tsro’n^: 
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Egg albumin is attacked only slowly by pepsin. The end products 
of pcptolysis are mostly proteoses and peptones and small quantities 
of amino acids. The optimum pH of peptic action is between 1.8 
and 2 2, depending on the substrate (11). Fruton and Bergmann 
(12) reported the hydrolysis of a synthetic peptide, carbobenzoxy-E 
glutamyl-l-tyrosine, to carbobenzoxyglutaimc acid and tyrosine by 
Lystalline swine pepsin. The pH optimum of this action is 4.0; a 
pH 1 8 the reaction is hardly noticeable. It has been stated that 
L-tain diketopiperazines are split by pepsin. However, diketopipera- 
zines with acidic or basic side chains do not function as proteinase 

substrates. 


Pepsinogen 

Pepsinogen, the precursor of pepsin or pepsinase, as formed by the 
gastric cefls, is completely inactive. If the ground gastric mucosa 
of a pig is extracted with a suspension of calcium carbonate ^ jatei 
Id soL of the filtrate is added to milk, no clot will form Adjus - 
ment of a sample of the extract to about pH 2.0 converts all the pci 

in Untanoously to pepsin, which digests -d a so 

Ls a high milk-clotting power. A similarly prepared extract of tl e 

calf’s fourth stomach behaves the same way, with ‘ “ “"T " Ik ' 

its protein-digesting power is very low and is probably due to the 

it-nd “""be di«erent proteins Tauber and 

K emcr ( ) completely destroyed. It cannot be 

IcUvafed with hydrochloric acid. Pepsin, however, is quite resistant 

“"™tw'‘C.=Uine Pepsinogen. Herriott and Northiop 

is identical with pepsin crystallized from commercial pepsin. 

Crystalline Pepsin 

A the early papers concerning the purification of pepsin, the 

Among ^..uiished in 1902 is the most important 

“'““^"^uSl;r»fri7\cra^ "f rr 

™ the p“g by dialysis and found that the pepsin separated m refractive 
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globules. This preparation was very active. Northrop (16) repeated 
the work of Pekelharing and found that the precipitate which formed in 
the dialyzing sac appeared in more or less granular form and filtered 
very readily, as though it were on the verge of crystallization. North- 
rop found that the pepsin precipitate dissolved on warming to 45° C. 
and crystallized on slow cooling of the filtrate. He has developed 
a method for the large-scale crystallization of pepsin. 


Preparation of Crystalline Pepsin ( 16 ) 

Five hundred grams of Parke, Davis and Co. pepsin U.S.P. 1 : 10,000 
is dissolved in 500 cc. water, and 500 cc. of N sulfuric acid is added. 
To this, 1000 cc. saturated magnesium sulfate is added with stirring. 
The solution is filtered through fluted paper and then filtered with 
suction. The filtrate is discarded. The remaining precipitate is 
stirred with water to a thick paste, and M/2 sodium hydroxide is 
added to form a complete solution. Local excess of sodium hydroxide 
must be avoided, and the pH should never be more than 5.0. M /2 
sulfuric acid is next added with stirring until a heavy precipitate 
forms (pH about 3). The solution is allowed to stand from 3 to 6 
hours at 8, then filtered with suction. The filtrate is discarded. The 
precipitate is stirred to a thick paste at 45° C., then M/2 sodium 
hydroxide is added carefully until the precipitate dissolves. The solu- 
tion is filtered, if necessary, and the precipitate is discarded. The 
beaker is placed in a vessel containing 4 liters of water at 45° C. and 
allowed to cool slowly. This should require from 3 to 4 hours. A 
heavy crystalhne precipitate forms at about 30° to 35°. The solution 
IS kept at 20 for 24 hours to complete crystallization. It is filtered 

with suction and washed with small- amounts of cold water and then 
with magnesium sulfate at 5°. 

Recrystallization. The crystalline paste is filtered with suction 
and washed three times with cold M/500 hydrochloric acid. The filter 
cake IS stirred to a paste with half its weight of water at 45° and M/2 

Sly turbir i f until the solution 1 

to cool slowly, as before. In 24 hours, a heavy crop of crystals ZZ 
rates. The suspension is. then warmed to 45° and < 3 iilfn ‘ -F • 
aaaea until pti 3.0, The solution is cooled slowly and «ftpr oa 

lil fat hydrochloric acid 

Chemical Nature of Crystalline Pepsin • 

to be an albaminlibe aubetance. Its SS 
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bv the ulh-acentrifuge, is 36,500 (17). Northrop ^,7 for 

the rtocleetric po.ol of pepsin, Tiselius and coworkers dS). how- 
ever stated that the pepsin is negatively charged between pH . 
and 1 0 These investigators found tliat the activity o ciys ^ 
i“l.n could be increased up to 69 per cent by eleetrophoresis. (See 
also reference 19.) Herriott and coworkers (20) prepared P'P 

sinogen a pepsin concentrate wliieli had twuee the aertv^y ^ of th 
most active crystalline pepsin previously isolated. T g Y 

active ” pepsin was much less stable than ordinary crystalline pepsi . 

^ Irl to nnlv 5 to 10 per cent of the ordinary crystalline pepsin. 

Sr r^msf “ 

following methods for the preparation of amorphous pepsi 
be given. 

Preparation of Pepsin of Higher Activity than 

Crystalline Pepsin 

TtT TVT 1 • ^91 'I and Freeland (22) prepared pepsin 2 to 4 times 

;rwSr:-pr ba^on McMeekin.s 

proLlure, was described by Borgstrom and Koch (23) . 

Preparation of Highly Active Amorphous Pepsin 
A solution of 10 grants of Cudahy 1 l 10 000 

varying amounts minutes, then adsorbed on 

chloric acid 13 cooled according to McMeekin, by shaking 

tn rz:: slC . ptj ho j . 7 ; a - 

^?')):rc?o:M;rrdiL;m^h„s^^ 

Lmoniursulir:!- aid atir™. j;;, ng, 

The 7d1cd" “tile precipitate, with stirring, and the 

5 grams .o' H'-n" f ‘ is transferred to a 250-cc. centn- 

"pom:rot Xn”et cX centimeters thereof is placed in a H-inch 
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cellophane dialysis bag and dialyzed against 0.3 per cent hydrochloric 
acid for an hour in the icebox and then against several changes of dis- 
tilled water until the dialysate shows a negative Nessler’s test. All 
solutions should be kept in an icebox until ready for use. The final 
pepsin samples are frozen and evaporated in the frozen state. 


“ Protein-Free ” Pepsin 

Kraut and Eusebio (24) have re-examined the nature of Briicke’s 
“ protein-free ” pepsin and compared it with Northrop’s crystalline 
pepsin. Both enzymes were prepared from commercial pepsin. Only 
1 per cent of the original peptic activity could be recovered by 
Briicke’s method, and this enzyme was considerably different from 
crystalline pepsin. It had a lower nitrogen content and gave fainter 
protein tests, and its chemical composition is unknown. It hydrolyzed 
casein which had been first digested by crystalline pepsin. It is well 
known that commercial pepsins are prepared by the autolysis of 
gastric mucosa and, because of this, contain admixtures of small 
amounts of cell enzymes, such as cathepsin and gelatinase, and prob- 
ably other proteolytic enzymes. Crystalline pepsin, as prepared by 
Northrop’s procedure from commercial pepsin, contains almost ail 
the proteolytic activity present in the commercial product. 


Preparatiok of Alcohol-Soluble Pepsin 

Albers and coworkers (25) have obtained from pig gastric mucosa, 

by extensive autolysis, a peptonelike pepsin that was soluble in 65 

per cent alcohol and could not be precipitated by basic lead acetate 

or by sulfosahcyhc acid. This pepsin diffused through collodium 

membranes and contained more tryptophane than crystalline pepsin. 

e op imum pH with casein as the substrate was at 1.50. It was 
inactive in alkaline medium. 

Preparation. The fundus portion of 20 pig stomachs is finelv 
ground suspended in 8 liters of 0.5 per cent hydrochloric acid and 
allowed to autolyze at 37° C. for 30 hours. Then the mixture is 

r li. ? ; -f “"“■“'■“ted in vacuum at 25 to 30“ C to 
one.th.rd of its cngmal volume. The filtrate ie placed in a refrigerato? 

^ adjusted to pH 3 2 with strong ammonium hydroxide WwL the 
solution IS extensively stirred 800 nr* nf j. j ’ . 

solution is slowly added The i magnesium sulfate 

0“ C. for 24 S. The preiZf ran ^ 

ne precipitate (30 grams net weight) is collected 


proteolytic enzymes 

.n 200 cc. totr 

Ui^iXVnTTs wasted with 96 poi- cant alcohol and tvlth otter an^ 

hor^w .wc:.“:f whl'ch 10 ... .s conoetod and wasted 

'' IV'cl-ranrissod™ ' claim that, owing to antolysis. the pepsin 
cht^ges into low-molecular-weight pepsins. Thus, 

“ 0 "!“ are identical in chemical nature and specific activity. 

Preparation of Commercial Pepsin 
Most commercial pepsin products arc prepared '™- 
mucosa. Often, however, ““of mucosa. Beef stomachs 

or cLter portion of the stomach through the 

the cardiac end or the f,7f^tosa is separated and 

length and arc was ic worked up to peptone. It is best to 

minced. The muscular w „f n 5 ner cent hydrochloric acid 

extract the mucosa with 3 volumes . P ^ concentration of citric 
or 1 per cent phosphoric acid (o 

acid)!^ The mixture is allowed fi.^24Jo^ 

40° C., with eontmuous stirring o^ other fat solvents. The clear 
moved by extraction wi i on The yield is 12 per cent of the 

s:: ’ovrcni™f :-,£psin^£. 

ITc. W rLctonf Tlte ?3uro yields 200 te. 300 grams of popsm 
%?cr“;?;uritearnTcthods and an extensive bibliography may 

^""usestf Pepsin. Pepsin is used Jjg in 

X' r X"a;Mr«ir ll .0 movl„g.plctnrc 

industry. 
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RENNIN OR RENNET 

Rennin is the milk-clotting enzyme secreted by the fourth stomach 
{abomasum) of young calves and lambs. It appears that the mucosa 
of these animals also contains a small amount of pepsinlike proteinase. 
The property of milk-clotting apparently is displayed by most pro- 
teolytic enzymes of the animal and plant world. Although rennin 
is the most extensively used enzyme in the manufacture of cheese (see 
chapter entitled “ Enzymes in Dairy Products ”) , in some countries 
certain plants are employed by the cheese industry. To what extent 
pure peptidases are able to coagulate milk has not been investigated. 

The Chemistry of Milk-Clotting. When rennin acts on casein, it 
changes it to paracasein, and, in the presence of a necessary quantity 
of soluble calcium ions (as in milk), the insoluble gel calcium-para- 
caseinate precipitates. Paracasein, itself, is soluble. Lundsteen 
(28) , working with calcium-free casein, found the optimum for rennet 

action at pH 5.35, for pepsin at 5.25, and for chymotrypsin at 7.00. 
Tauber and Kleiner (29) have shown that crude trypsin soluticms 
clot milk only within a certain range. Concentrated crude trypsin 
solutions, like those used in protein-digestion experiments, change 
the casein molecule so rapidly beyond the paracasein stage tliat the 
milk will not clot, even after the subsequent addition of a very active 
rennin solution, unless the pH is unfavorable to proteolysis. Similar 
results were obtained by Clifford (30) . Crystalline trypsin, however, 

■ does not clot milk. 


Rennin and Pepsin are Different Enzymes 


A comparison of the ratio of proteolytic power and milk-clotting 
activity of the young mammal’s gastric juice as compared to that of 
the adult’s has been the object of several investigations. Holter and 
Andersen (31) verified and extended the earlier findings of Hammar- 
sten, i.e., that the proteases of the gastric juice of various animals 
differ, and that the difference is most pronounced between the calf’s 
protease and that of the other mammals. 


The peptic activity of the pepsinases parallels the milk-clotting 
power in the adult mammal as well as in the young. An exception 
^ the calf s stomach. Here separation of the two activities is possible. 
The ratio of pepsm-rennin activity as expressed in units, however, 
differs in various mammals’ gastric secretions. In calves, the quo- 
tient was 0.13-0.26, in cows 1.6; in children 2.7, and in adults 2 5- 
in young dogs 11.5, and in grown dogs 12.5; in grown pigs 0.50. These 
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th-it the faetnc onzy.no. .lo not very in the yoimg and 
■ iilult human or duff as they do durinff vanous ages in the call ( 31 K 
' The ,.r<-<-nt anther , 32 l has Hinnvn that lire gartno protease differ. 
^Vith t- rh I- nan tlm gastria mucosa ot the ]Uff, ai^ 

fenr.h slo.naeh may he prepared seleet.ve ehy.nomhibitoi. 

; .. individuality ■■ ot the rahh.fs and the pl^t s pe, - 

i eve anil of rennin. and also slioiv tlial there is no reiinin in the 
, , .„mu nihhitv ffasti-ic mucosa. The early eonception of 

iTr that -'-istric lirotcases arc kind-specific is now corrobo- 

:;Id‘ Ih! t-echlVof Tauber, and of Holter and Aiulersen. 
tinV the only typical milk-clotlinff enzyme, and it exists only 

’::r t.;:,r.hs;:::liaehot. IVI.,, » smal, an,o„nt ot 
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Estimation Renne Ac ^ ccp.al yolume 

Smee the r mi 5 , cont ainimM'i grains of so.lUnn hydroxide 

an.l <•••■ -f cai" of a series of test 

,.,„asuremcni ,, to 20^ C. 

10 ec. o Ibis nulk 1 . 1 • cii- 

iii a water batli with a sliaking d( m< i ■ . added 

iiio haviiin ; 

The aro thou v;;;;7i;;;:;';;/;,:,id„ff mdu n, o 

■I'lio ainonni ot on/.,\ na « i ' , , „f |he elotlins time, 

at 20 - IS .lolermined ' ^ ,,,„vn,e. The 

.irst'snB.esU.d ..y ..-..e ana nenck- 
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nnt. lined in the fourth stoniaeli of the calf, is inaetive. 

in'’:;;::";':;,:: it Vesen,h,es a.-;;;;- 

":;'"V:'Tr;:::,.:r:;rn;a.^ 11 minced mneosa of 

..r «..■ eon. 

eiulii eiirlionnte in widei ■« ml" ' ■ j j j„ |„„l pepsin 

22" c. and by '‘eepmK >t 't jf ,„|t„te. and dried 

::Z,:r l-e --led i„.o aewe rennin by adinstin. tbo 

p\\ In about 4.5. 
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Preparation of Purified Amorphous Rennin according to 

Tauber and Kleiner (35) 


Twelve fourth stomachs of calves are washed in cold water. The 

\ 

mucosa is dissected from the muscular wall and from fat. The 
pyloric end is discarded. The mucosa is minced as finely as possible. 
About 1 kilogram of minced mucosa is obtained from twelve stomach.s. 
One liter of 0.04 N hydrochloric acid is added, and the mixture is 
stirred for 8 minutes. The mixture is squeezed through toweling and 
is filtered through filter paper. The clear filtrate should have a pH 
of about 5.2. It is dialyzed against distilled water, which is frequently 
changed until the pH is 5.4. This requires about 4 hours. Then the 
solution is transferred to a large beaker and stirred, and 95 per cent 
ethyl alcohol is added to make the extract 50 per cent alcoholic. After 
g few minutes, two-thirds of the solution may be decanted, and tlie 
remainder is centrifuged. The precipitate is extracted with 150 cc. 
of distilled water and centrifuged. The insoluble material, consisting 
mainly of mucin, is discarded. To the opalescent solution, alcohol is 
added to make it 50 per cent alcoholic. The precipitate, when dis.'^olved 
in 0.04 N hydrochloric acid, shows very high rennin activity, and it in- 
creases in potency when the above procedure is repeated. The pre- 
cipitated rennin may be dried at room temperature in vacuo over 
sulfuric acid, although drying inactivates about half of the enzyme. 
The yield is about 1 gram of dry substance per kilogram of mucosa. 

Saturated salt solutions, such as sodium chloride, magnesium sulfate, 
and ammonium sulfate, precipitated this rennin. It contained neither 
phosphorus nor chlorine, but 14.4 per cent nitrogen and 1.19 per cent 
sulfur. Because of these and the other properties mentioned, Tauber 
and Kleiner suggested that their rennin is probably a thioproteose. 


Crystallization of Rennin according to Hankinson 

Hankinson (36) prepared crystalline rennin from commercial rennin 
as follows: The pH of the commercial rennet extract is adjusted to 
approximately 5.0 with concentrated hydrochloric acid Then the 
extract is saturated with sodium chloride. The salted-out rennin is 

and Stout 

(37). The precipitate is dispersed in one-half the original volume of 
water and dissolved by adjustment to pH 5.7-6.0. This procedure is 
repeated four times, the precipitate being dissolved each time in one- 
half the preceding volume of water at pH 5.7 to 5.0. The fourth pre- 
cipitate IS dispersed in water and dialyzed 24 hours against runLe 
distilled water until free from sodium chloride. The dialyzed suspen 
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produce faint turbidity. The slightly active precipitate is removed. 
This procedure is repeated. Then the solution is purified by salting 
out, a rotating semipermeable membrane being used. “ A highly 
active precipitate consisting almost entirely of spheroids ” is obtained. 

In a second procedure, Berridge employs a commercial rennet solu- 
tion for the crystallization of rennin. Sodium chloride, ammonium 
sulfate, and magnesium sulfate are used at various stages of the pro- 
cedure as the precipitants. According to the author, crystallization is 
difficult and one filtration requires 4 days. The method is quite lengthy 
and will not be given here in detail. 

Berridge states that the pepsin which was present in the commercial 
rennet solution was completely removed by his method. He found 
that, with hemoglobin as the substrate, rennin has an optimum pH at 
3.7 and pepsin at 1.8, and he believes that both enzymes are proteases. 
The rennin crystals have a very low solubility in water and can be 
dried without decomposition. 

“ Low-Nitrogen Rennin ” of Luers and Bader (39) 

In view of the recent findings concerning the chemical nature and 
specificity of rennin just reviewed, the early work of Luers and Bader 
may be noted. These investigators attempted the purification of 
rennin by adsorption on aluminum hydroxide. They described a ren- 
nin preparation that gave a negative ninhydrin and Millon test. The 
salt-free dry substance contained only 0.678 per cent nitrogen. 
According to these workers, their preparation was extremely active 
The rennet activity increased 39 times and the peptic activity 21 times 
when compared with the liquid commercial starting product. Liiers 
and Bader conclude that, owing to experimental difficulties and com- 
plications in the procedure of purification, the difference in activity is 
too small to allow a decision of two distinct enzymes, rennin and pepsin. 


Note on the Activity of Various Rennins 

The milk substrates, in regard to pH, added salts, and milk concen- 
tration differ considerably in each rennin investigation. In some 
cases, fresh cows’ milk was used; in others, some sort of dried milk was 
employed Thus, it is exceedingly difficult to draw conclusions con- 

potency of the various rennins described. It should be 
highly desirable to compare the several pure rennins by the same 
assay procedure. Numerous properties of the two enzymes rennin and 
pepsm, prove that they are dUtinet enzymes. Rennin i the’ milHorg- 
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Preparation of Commercial Rennin 

Keil (40) employs the following procedure for the preparation of 

# 

commercial rennm; , stomachs is 
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out on pans ^he drying the fat, the dried product 
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" dried in a cm-rent of air. The dry residue 
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Enterokinase ; Activation of Trypsin 

In the pancreatic juice, trypsinogen is accompanied by prokinase, 
which does not become active within the gland. It is activated in the 
cells of the intestinal mucosa. The intestinal juice does not contain 
any enterokinase, and its appearance here depends upon the pancreatic 
juice. After pancreatectomy, no appreciable amount of enterokinase 
is found in the intestinal mucosa (42) . 

Waldschmidt-Leitz (43) succeeded in concentrating enterokinase 
from the intestinal mucosa 100 times. He found that the kinase is 
destroyed at 50°. Pace (44) has described a method for the isolation 
of the precursor of enterokinase. This precursor, however, could not 
be separated from dipeptidase. The prokinase becomes active on 
standing. Pace believes that .dipeptidase activates the prokinase. 
Bates and Koch (45) showed that an aqueous extract of fresh hog 
pancreas becomes completely active if kept at room temperature for 
24 hours at pH 4 to 5. These authors have obtained trypsin-free 
trypsinogen by keeping the finely ground hog pancreas suspended in 
water at pH 1.8 for 3 hours at 37° and adjusting the filtrate with 
sodium hydroxide to pH 6.0. A slight precipitate which formed was 
discarded, as was the one which formed on 45 per cent acetone con- 
centration. The precipitate on 75 per cent acetone concentration 
contained the final trypsinogen. Bates and Koch also developed a 
method for preparing enterokinase and demonstrated that enterokinase 
acts as an enzyme in the activation of trypsinogen. 

According to Willstatter and Rohdewal'd (46)’, dried pancreas 
extracted several times with water-free glycerol, leaves about 30 per 
cent trypsin bound to the tissue. They call this “ desmotrypsin,” and 
tfie small amount of peptidase accompanying it “ desmopeptidase ” 
Desmotrypsin is inactive and may be activated by enterokinase. The 
kinase is also present in the form of an inactive precursor If the 
pancreas is extracted slowly with aqueous glycerol, a spontaneous 
activation takes place which is complete in several weeks. Desmo- 
trypsin may be fractionated into an a fraction, which is soluble in the 
presence of electrolytes, and a p fraction, soluble only in diluted sodium 
carbonate or hydrochloric acid. The soluble, or “ lyotrypsin ” carri^ 
much potein ballast ; likewise, the desmotrypsin. The latter, however 
If subjected to “ autotryptic » activation, yields a purer lyotrypsTn 
wh* g™ only shght proteb tests. These tryptases are J cla^eS 

Specific^ of Crystalline Trypsin. Hofmann and Bergmann 1471 
observed that crystalline trypsin is a very powerful cataCZ the 
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trypsin is pH 6.5 (48) . _ „ different hydrolysis course from 
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at 35 C. For about 35 per cent of the reaction, the amount of diges- 
tion with crude trypsin is the same for 2.5 and 5 per cent protein 
concentration. The amount of digestion, instead of being proportional 
to the substrate concentration, becomes independent of it. This, of 



course, occms often with enzymes, and may be due to the formation oi 

an intermediate compound. With crystalline trypsin, howeyerthi’ 
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two inactive zymogens, chymotrypsinogen and trypsinogen, in fresh 
pancreatic extracts. Enterokinase changes trypsinogen to trypsin, and 
the trypsin transforms chymotrypsinogen into chymotrypsin. The 
formation of chymotrypsin from chymotrypsinogen is followed by a 
change in optical activity and an increase in amino nitrogen. There is 
no change in the non-protein nitrogen fraction formed and in the 
molecular weight. Kunitz and Northrop believe that the activation 
may be caused by an internal molecular rearrangement. 

According to these investigators, neither of these two crystalline 
substances changes its properties after repeated recrystallization. 
Tests such as denaturation and hydrolysis indicate that the enzyme 
and its precursor are pure proteins. 

Preparation of Crystalline Chymotrypsinogen. Ten cattle pan- 
creases are immersed in cold 0.25 N sulfuric acid immediately after 
removal. The pancreas is freed from fat and connective tissue, and 
minced in a meat grinder. Two volumes of ice-cold 0.25 N sulfuric 
acid is added, and the suspension is allowed to stand at 5° C. overnight. 
It IS then strained through gauze on a Buchner funnel, and the precipi- 
tate is suspended again in 0.25 N sulfuric acid and refiltered. The 
combined filtrates are brought to 0.4 saturation with solid ammonium 
sulfate and filtered through a soft fluted filter at a low temperature. 
To the filtrate, ammonium sulfate is added to 0.7 saturation, and the 
suspension is allowed to settle in the cold for 48 hours. The super- 
natant fluid is decanted, and the suspension is filtered with suction. 
The filter cake is dissolved in 3 volumes of water and 2 volumes of 
saturated ammonium sulfate is added. The volume of the semi-dry 
cake IS determined by weight, and the specific volume is assumed to be 

I' is filtered and the precipitate discarded, 

he filtrate is brought to 0.7 saturation with solid ammonium sulfate. 

The suspension is filtered with suction. The filter cake is dissolved in 

hv r saturated ammonium sulfate 

by the addition of saturated ammonium sulfate solution. The solution 

with sTsod- " b'-H -ith methyl red on test plate) 

The solution is kept at 20° for 2 days. A heavy crop of crystals 
gradually forms; they are filtered with suction. 

Recrystallization. The crystalline filter cake is suspended in 3 
vo umes of water, and 5 N sulfuric acid is added, with stirring until 
the precipitate is dissolved. The solution is brought to V. saLated 

of saturated ammonium 
aulfate. Five N sodium hydroxide is added, with stirring, until the 
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Magnesium sulfate at pH 7 to 8 activates this zymogen. The active 

s 

trypsin can also be crystallized. The following is the procedure for 
the preparation of crystalline trypsinogen: All the solutions must be 
cooled to about 5°, and all operations must be carried out in the 
icebox. The mother liquid from the chymotrypsinogen crystallization 
is adjusted to pH 4.0 with 2.5 M sulfuric acid, brought to 0.7 saturated 
ammonium sulfate, and filtered. One hundred grams of the precipi- 
tate is dissolved in 300 cc. of water, brought to 0.4 saturated ammonium 
sulfate, and filtered. The filtrate is brought to 0.6 saturated am- 
monium sulfate by slow addition of saturated ammonium sulfate and 
is filtered with suction. The precipitate is washed twice with satu- 
rated magnesium sulfate. Ten grams of filter cake is dissolved in 10 
cc. 0.4 M borate buffer of pH 9.0; 17 cc. saturated magnesium sulfate 
is added, and the solution is allowed to stand at 6°. Short triangular 
pyramids form in the course of 2 to 3 days. Inoculation of the solu- 
tion hastens crystallization. Sometimes the solutions become active, 
and crystallization stops or crystals of the active trypsin may appear. 


Conversion of Trypsinogen to Trypsin in the Presence of 
Calcium Chloride and Crystallization of Trypsin 

_ McDonald and Kunitz (55) improved the method for the crystalliza- 
tion of trypsin by permitting the autocatalytic conversion of trypsin- 
ogen into trypsin to proceed in the presence of calcium ions. The new 
conditions result in a quantitative conversion of trypsinogen to trypsin, 

and crystallization is easy. The quality and yield of crystalline 
trypsin are greatly improved by the new method. 

1. Conversion of Trypsinogen into Trypsin. Thirty grams of 
dried crystalline trypsinogen, or 50 grams of semi-dry filter cake is 
dissolved in 200 cc. 0.005 M hydrochloric acid. A previously prepared 
ice-cold mixture of 100 cc. 1 M calcium chloride, 250 cc. 0.4 M borate 
buffer of pH 8.0, and 400 cc. distilled water is added. The mixture is 

+ ''' ^ about 5° C 

lor 18 to 24 hours. 

stock Borate Solution. This solution contains 49.6 grams boric 
amd and 80 cc 5 N sodium hydroxide per 1000 cc. 0.4 M borate buffers, 

mixing 100 parts stock borate and 78 6 
and 17.6 parts 0.4 M hydrochloric acid respectively 

( “f rtandard Supercel 
(Johns-Manville Corporation) are added, and the mixture is fiLrS 

PH 3.0 with 5 AT suifuric acid (aiJout 4 cc. o'^cUrre^ir'^rSd^^^ 
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ammonium sulfate is added to make 0.4 saturation ; 242 grams per 
?S00 cc. rs required. After 2 days m the cold room the -Icium suk 
fate precipitate is filtered off, with suction, using A hatman No. 

nqner The precipitate is rejected. 

? Precipitation of Amorphous Trypsin. Solid ammonium sulfate 
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, I ro fiTi RTi 1C6 wSitcr DSittli)* 

almost at once. Crystallisation is allowed ™ They 

The crystals arc filtered, '''* "'“''“"j 5™turated magnesium sulfate 
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"T’ Recrystallization of Trypsin 
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aaed. To -id foannng he "s 
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Se C. and adjust d to pH 8.0 Crystallization takes place almost 

at once. The “ , J ; tLation. Yield: 10 to 16 grama 
Xlt; rtdriedt ! dry refrigerator for several days, ground 
1. fine powder, and stored in a cold room, 
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but they differ from it in molecular weight, crystalline form, sta- 
bility in acid or alkali, solubility, etc. Kunitz believes that the new 
enzymes form from chymotrypsin by slight hydrolysis, as evidenced 
by the loss of protein during the process of formation of the new 

enzymes and by the fact that their molecular weights are lower than 
that of the original chymotrypsin. 

Reznitschenko and coworkers (57) isolated from pancreatin a crys- 
talline proteinase that transforms gelatin into compounds soluble 
in trichloroacetic acid without splitting any peptide bonds. 

Crystalline Trypsin Inhibitor and Crystalline Inhibitor-Trypsin 
Compound. The activity of trypsin is influenced markedly by the 
presence, in pancreatic extracts, of a substance that inhibits trypsin 
digestion. This substance is present in the mother liquor from the 
trypsinogen crystallization. It has been isolated in a pure and crys- 
talline state, and as a compound with trypsin by Northrop and 
Kunitz (58, 59). The inhibitor trypsin compound has also been 
crystallized. The trypsin inhibitor compound contains approximately 
80 per cent trypsin and 20 per cent inhibitor. In acid solution the 
trypsm is liberated-, and, if added to protein solutions at pH 8.0 the 
protein is digested. No digestion of the protein will take place if 
the compound is neutralised before it is added to the protein solution. 

The inhibitor has a molecular weight of about 5000 and appears to 
be a polypeptide. 


Crystalline Soybean Trypsin Inhibitor. Kunitz (60) obtained 
a protein trypsin inhibitor in crystalline form from commercial soy- 
bean meal that had previously been defatted by solvent extraction. 

e meal IS washed with 80 per cent alcohol, and the inhibitor is 
extracted from the meal with 0.25 N sulfuric acid. The acid extract 
IS treated with a small amount of bentonite, which removes some of 
the inert protein ; this bentonite fraction is rejected. A second adsorp- 
faon with a large amount of bentonite removes all the inhibitor protein 

aqueous pyridine solution, and the pyridine is removed by dialysis 
The dialyzed solution is adjusted to pH 6.3, and the precipitated inert 

material IS removed by filtration. The inhibitor is ^ipitated tom 

the filtrate by adjusting to pH 4.65 at 5-10° C, 

_ Crystals, in the form of fine needles, and thin plates form by adiust 

from dilute alcohol. The dried protein recrystallized 

and inhibitory power^gt^^^^^^^^^ ^ 

grams of meal. crystals is obtained from 1000 
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Autolvtic Trypsin. Kleiner and Tauber (61) autolyzed fresh 
ground iLncrcatic tissue in 30 per cent ethyl alcohol for 18 months. 
Mter dialysis and acetone precipitation, the water-soluble fraction 
was dried in vacuum. A solution of this dry preparation gave a slightly 
rsitive xanthoproteic test, a positive Folin-Denis test and a positive 
ninhydrin test. The biuret test, the Millon test, and the Hopkins- 

Cot ts? were negative. The heat-coagulation test P™ 

boiling, was slightly positive. Saturated solutions of ^^^^lal salts 
gave a precipitate. The isoelectric point of this trypsin i^as 6.2. 

rlifilvzpd readily through cellophane. j* 'x 

TheSe properties are Lose of a polypeptide. The proteolytic activity 

of this trypsin is about that of crystalline trypsin. Its rennet activity 

• 1-420 as compared to 1 ; 4,550,000, the potency of the highly active 

::Ln of Kleiner. It has been pointed out that protedytic 

activity of trypsin must be depressed when the rennet activity is 

determined; otherwise, casein is digested without calcium paracaseinate 

formation. This preparation showed no Will- 

ity (62). A trypsin of similar nature has been obtained by Wi 

statter and Rohdewald. 

Preparation of Pancreatin 

Pancreatin preparations rthTprepara- 

:zg,' ra'rch^';!" Y p.gUeaa 

weighs about 100 diLdTith dated Containing a small 

The glands VoddeTcomL^e activation of the trypsin- 

pan«eatio extracts sh^ouM , J, t., 

r on... .e S 

extracting the alcoho nlnfion The solution is then evap- 

are minced, mixed with water, p , ^ 

::cratin" t.e press iuiee is .ixed with 

sawdust before it is evaporated. 
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Uses of Pancreatin. In addition to its applications in medicine 
and in the tanning industry, pancreatin is extensively used in the manu- 
facture of gelatin and glue. Some is employed in the textile industry 
and in laundries. This and other proteolytic enzyme products are 

frequently used in the manufacture of peptones. For a review of 
the literature, see reference 27. 

The Influence of on Initial Velocity of Hydrolysis of Crude 

Pancreatic Proteinase. Pancreatic proteinase includes a number of 

proteinases and peptidases. Typical data for the crude proteolytic 

mixture are not necessarily identical with those characteristics for 
the crystalline components. 

Farber and Wynne (63) studied the crude pancreatic proteinase. 
They prepared dry fat-free pancreas powder, using acetone and ether 
as the solvent (64, 65). Eight grams of the pancreas powder was 
extracted with a phosphate-borax buffer of pH 8.7. The extract was 
then centrifuged and passed through a Seitz filter. This solution 
showed constant activity for 2 weeks when kept at 8° C. 

substrates were casein (0.80 per cent solution), hemoglobin 
(0.79 per cent solution), and fibrin (0.55 per cent solution). All 
three proteins displayed the same optimum, pH 8 to 9. 

The initial rate of proteolysis varied directly with the concentration 

of the enzyme over a wide range. The reaction was of zero order 
during the proteolysis of most of the protein. 
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,n,,v' ,:.pli.l.-s t.re atl".-k-l ''V ,,„. "p,i.t 

\Va'l.lsehmi'M-l,eilr, an.l assoeiates '‘' j’""'""' V'j,", 921, Willatiiller 

,,y,,ro.vr,.nk (raeti.n, of yeast, front 

,„.,„i,l„se fraetion ..sin« panereatie, 

'■ '•on.i.t. nt .. ...,,,, 1.00 ..r speeine polypeptnlase. (70-80). 

AMtNOl’OJ.Yt’EI'TinAHR 

SpacificUy. The relative aetivity of in(t..inal 
„ ,„„reb '7 l,y .1.;.'.-.™ (81). Tins 

mlM„rpii.m on feint oxmi. n . , rapidly spld,, 

invoHtiKnIor fouml j, prolvlglV<’ino, and loucylglycino 
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amino group does not hinder splitting, but N-dimethylalanyldigly- 
cine is not hydrolyzed. Most of the leucyldiglycine-splitting acti\’ity 
of “ erepsin ” is not due to aminopolypcptidasc but to leucylpej)tida<f. 
Bergmann and Fruton (82) stated that a i)e])tide, to be split by aiiiin.)- 
peptidase, must contain a free hydrogen atom on the peptide nitrogen 
atom, but that a free carboxyl group is not e.ssential. It hydrolyzes 
the peptide linkage adjacent to the amino end of the peptide molecule. 
The optimum pH of the enzyme is at 8.0 (83). 

Agner (84) has obtained a highly active aminopolypcptidase from 
hog s pyloric mucosa. This preparation was free of dijreptidase, was 
of protein nature, and had an isoelectric ])oint at pH 4.6. Agner 
and Waldenstrom (85) believe that this enzyme is identical witli the 
intrinsic (antipernicious anemia) factor of Castle. This is in hai-inony 
with the prevailing view that the intrinsic factor is of cnzvmie natui-e. 
The Swedish authors support their hypothesis with clinical observa- 
tions. It had been previously demonstrated that the enzyme was not 
identical with pepsin, rennin, cathepsin, or lipase. Agner s higlily 
purified hog-pyloric mucosa aminopolypcptidase does not digest ])rep- 
arations containing the antipernicious liver principle. Agner offers 
this as additional evidence that the two factors are identical (85) 

However, the results of Andersen and Faber (86) do not support 
this view. ^ ^ 


Prolinase or Prolylpeptidase 

According to Grassmann and collaborators (87), if the amino groun 
of the «-amino acid of the peptide chain is replaced by the amino 
group of P^. a specific polypeptidase, a so-called prolinase act. 
upon It. Abderhalden and Zumstein (88) found that not all prolyl- 
peptides can be hydrolyzed by this intestinal enzvme. Grassmann 
and coworkers (88-90) reported that any prolylpeptide is split bv 
the prohnase. They stated that the polypeptides of AbdeAalden 
and Zumste.n were not free of protein, were not pure erystallinToon 
pounds, and were probably contaminated with silver salt7 4 h 

ro!;'p"es inhibi- 

An example is 


CH 


CH2 


CH 2 CH 

\ / 
NH 


OH 


CO-j-NH— CH2— COOH 


H 


Prolylglycine 
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Prolinase may 
from dipcptidase 
as a substrate. 
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be obtained free from aminopolypeptidase but not 
The optimum pH is 7.8 when prolylglycme is used 


Prolidase (4, 82, 91-94) 

Berimann and associates have shown that in compounds in wW'*' ‘he 
Bergmann ana combines with the carboxyl group of a 


% 


• CH2— CH2 

CH2 ch— cooh 


'N 


H 2 N— CH 2 -CO 


H 

OH 


Glycylproline 


4 


Ccuc compounds — "I P2>t;^. 

rVafsT^hl SetT 

hiving a -CO-N=R- ^Xrard gdaTin This ensyme hydro- 

Such linkages are present m collagen and precipitated 

lyses glycylprolme to g ^'me ^ peptidase) is prepared from 

according to the meM 0 mith Bergmann 

described a method for "l°i j^^leucyldiglycine, t-alanyl- 

tion also contains ensynjes that rapidly sphU^ 

glycyl glycine, diglycylglycm ’ ® Mn-H- ions, and some- 

hydroxy proline. Here no enzyme that hydrolyzes 

times a definite inhib.t.on aeen^ to the free 

l-leucylglycylglycine acts a j ^ lycine. Thus, this enzyme 

amino group, forming leucine It splits l-leucyl- 

is not identical wit - euci j.ieucylglycine. Smith and Berg- 

glycylglycine 8^^ irnidopeptidase . These investigators stated 

Th" live dipeptidases in nature. 
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Carboxypeptida.se 


Waldschmidt-Leitz and Purr (95) .showed that carboxypeptidasc 
hydrolyzes only a few dipeptides. It readily split.s ]iolyj)e|)tides ami 
peptic digests as well as certain synthetic j)ei)tides. Cliloracetyl-/- 
tyrosine has been generally regarded as the most suital)le suljstrato 
for carboxypeptidasc (96). However, the use of this substrate onVi> 
certain difficulties. During enzyme aetion free tyrosiiu' ervstallizes 
out, thus cau.sing interference with the (juantitative determination oi 
hydrolysis. Of greater importance is the inhibitory action of the 
liberated chloroacctic acid. Owing to this fact the liydrolysis of chlo- 
roacetyl-i-tyrosine by carboxypeptidasc does not htllow the course of a 
first-order reaction (97). Hofmann and Bergmann (97) foiiml that 
carbobenzoxyglycyl-l-phenylalanine represents an ideal substrate for 
the determination of carboxypeptidasc activity. This enzyme is mo^t 

active at pH 7.4. 


Crystalline Carboxypeptidasc 

Carboxypeptidase has been obtained in crystalline form from bovine 
pancreas by Anson (98). Putnam and associates (99 1 liave also pro- 
pared crystalline carboxypeptidasc by Anson’s method. They fouml 
that electrophoretic homogeneity was achicvctl only by seven recrystal- 
lizations. The isoelectric point of the pure enzyme was at pH 6. The 

molecular weight, calculated from viscosity and diffusion data was 
32,000. 


Method of Crystallization (98) 

To the spontaneously activated fluid which exudes from frozen 
pancreas at 5° C., 5N acetic acid is added until yellow cresol green 
turns green. The acid fluid is kept at 37° for 2 hours and filtered. 
The filtrate is diluted with ten times its volume of water. The pre- 
cipitate which settles is filtered and is suspended in water so as to give 
an activity twice that of the original fluid. Then barium hydroxide 
IS added until the suspension is pink to phenolphthalein. The barium 
hydroxide dissolves only a part of the protein but all the carboxypepti- 
dase. Sodium hydroxide dissolves all protein matter. The undis- 
solved protein is removed by eentrituging, and to the supernatant Buid 
1 N acetic acid is added until orange to phenol red. Globulin crystals 
a^ear on short standing. The enzyme can be dissolved in sodium 

“ and recryatalhzed by neutralization. Destruction due to 
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coagulation bv heating is proportional to the protein coagulated. Con- 
trary to the claims of Anson (98), this enzyme has been found to be 

destroyed by formaldehyde at 40° and also at 25 ° (97). 

Anson (100) has also published a method for the preparation 

crystalline carboxypeptidase from ground frozen beef pancreas, using 
2 lev cent sodium chloride for extraction, salting out with solid ammo- 
nil sulfate, and dialysing. From the dialysed solut.on. the pteep.- 
tated ensyme is collected and treated m a manner similar to the 
Idpitatl which is obtained by dilution of the frozen autolyt.c pan- 

creas exudate. 

Specificity of Crystalline Carboxypeptidase 

Bergmann and Fruton (82) showed that the crystelline eusyme did 
not attack leucylglycine or lencyldiglycme. C^ob'nzoxygly y 
alanine, however, was hydrolyzed very fast. d 

tlr^lS ear re; 

phenylalanine The acyl comp^d Che 

hydrolyzed 20.00(^ times <,„hoxyl 

substance. • nnif have reinvestigated the specificity 

of “i"ne“"pann Is Ini 

rxirri citrate ,k . 

gen6ral formula) : 


R 


C6H6CH2OCO— NH- CH2- CO 


NHCHCOOH 


General formula of 'carbobenzoxyglycylamino acids 

yhns. to obtain eoh-P-b. 

enzyme was oarbobenzoxyglycyl-l-phenylalanine. 

alanine as was require ^ „avKr.hpn7oxvelvcyl-i-prohne 

Neither carbobenzoxyglycylsarcosine no concentrations. This 

was split by carboxypept. ase Cp de1yd1°t?’ » -^strata is 

shows that the presence of the peptide nyarog 
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necessary for the action of this enzyme. Carboxypeptidase exhibits 
antipodal specificity. Only such amino compounds are attacked as 
contain a terminal amino acid of the levo configuration. Partial in- 
activation of the enzyme by heat or alkali resulted in a parallel 
decrease in the enzymic activity toward several substrates, indicating 
that the different activities were not due to the presence of several 
enzymes in the preparation. The presence of substances structurally 
related to carbobenzoxyglycyl-Z-phenylalanine or carbobenzoxy-d- 
phenylalanine inhibited the enzyme. 

More recently, Putnam and collaborators (99) published kinetic 
data for the hydrolysis of (figures in parentheses are corrected uni- 
molecular constants divided by enzyme concentration) ; carbobenzoxy- 
glycyl-Z-phenylalanine (9.6), chloracetyl-Z-tyrosine (3.8), chloracetyl- 
Z-phenylalanine (4.2), carbobenzoxyglycylglycine (0.00035). Ben- 
zoyl-Z-arginine amide, acetylglycine, and dZ-leucylglycine were not 
attacked. 


Leucyl Peptidase oe Z-Leucine Aminoexopeptidase 

This enzyme is present in many plants, bacteria, and animal tissues. 
It is not produced by molds and yeast (102). The enzyme of the 
intestinal mucosa acts rapidly on Z-leucylglycine and Z-leucylglycyl- 
glycine. It was discovered by Linderstroem-Lang (103), who named 
it leucylpeptidase. The enzyme was extensively investigated by Smith 
and Bergmann (4) , who called it Z-leucine aminoexopeptidase. They 
believed that this enzyme requires a free amino group but not a free 

carboxyl group. The enzyme of the intestinal mucosa is dependent on 
manganous and magnesium ions (104). 

Preparation (4). Three hundred and forty-five grams of mucosa, 
from twenty-five 2- to 3-foot lengths of the upper portion of hog 
duodenum, is ground with 35 grams of sand and 350 cc. of water. The 
extract is centrifuged. The mucosa is re-extracted with 350 cc of 
water ; 650 cc. of combined extract is obtained (preparation A) . 

The precipitate obtained by the addition of an equal volume of cold 
acetone to chilled preparation A is collected and washed with acetone 
This crude dry^ material may be kept in the desiccator for months 
without loss of activity. The dry powder (16.8 grams) is twice 
ex racted with water at 40° C., and the solution is clarified by filtration 

T J (preparation B) . 

to male ^40 ® 84.7 grams of ammonium sulfate 

to make a 40 per cent saturation. The precipitate is discarded To 

the clear solution (Celite filtrate) is added 48 grams of ammonium 
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sulfate to make a 60 per cent saturation. The precipitate is collected 
ami dissolved in nator. After dialysis in the cold against d.stilled 
ivatcr tlic inactive precipitate is filtered off and discarded. 
cubic eentinictcrs of a clear, faintly yelknvisli solution '“.““amed 
(preparation Cl, representing a 34-fold purification and a yield of 31 
per cent of the original activity of preparation A. 

TABLE XVI 

AcnviTlBS OF Canon aao on Pea, F, no l-LnnciMn AMmo.xomFnoASn Pancaan- 

tions towards Various Substrates 

For the crude ImaSldtS 

iuided to the buffered peptide solution. 


Pi-oteolytic Coefficient, C 
Preparation Preparation Preparation 

B 


0.062 
0 . 00076 

O.llt 
0.022 
0.025 
0 . 0005 
0.034 
0.26 
0.015 
0.035 


0 35 
0.0010 
0.55t 


0.042 


C 

2.1 

<0.0001 

2.2 

1.0 

0 . 0065 
<0.0001 
0.012 
0.17 
0.035 
0.027 
0.021 
1.6 

<0.0001 


Yield,* 
per cent 

31 

18 

42 

0.24 

0.32 

0.60 

2.1 

0.71 


Substrate 

Mreucylglycine 
d-Leucylglycinc 
LLeucylglycylglycine 
Ustiucinainido 
Clycylglycine 

Benzoyl-Largininainide 

(Jlycyl-Hcacine 
LAlanylglycine 
Clycyl-Lprolinc 
LProlylglyoine 
(llycyl-i-alanine 

/-Leucyl-Lleueylglycino 
Benzoyl-Ucucylglycine 

100 X totftl acti vity of propnrationj C ^ 

• Yiolda oro «lvon n» activity of preparation A 

f Initial C valuoB. 

Table XVI allows the effect oj 

l-alanylglycine and glycylglyc.ne had boo. 

activity must be “^kLylglycinc had been reduced 

™rcon.Ue'rabl^:showing that two stcrcoisomeric peptides are spht 

by two distinct ^ i, complicated by the enzyme’s 

The kinetics o . . Mn+ f or Mg+t-, For other important 

facts concerning this enzyme, sec rctorcncc 94. 
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DIPEPTIDASES 

1. Yeast Dipeptidase. Grassmann and associates (105) described 
the isolation from yeast autolysate of a fraction which splits dipeptides 
but not polypeptides. This fraction they called yeast peptidase. 
Johnson (106) found that leucylglycine hydrolysis by this enzyme 
is activated by halide ions. Berger and Johnson (107) reported that 
prolylglycine, diglycine, and leucylglycine hydrolysis is strongly 
activated by manganese ions and by cysteine. Alanylglycine hydroly- 
sis, however, is inhibited by these activators. These data indicate 
that there are several dipeptidases in yeast, and that yeast “ pro- 
linase ” may be identical with one of them. 

2. Intestinal Dipeptidase. The literature seems to indicate that 
intestinal dipeptidase is not an entity. It is also stated that much 
dipeptidase action is not due to intestinal aminopolypeptidase and 
leucylpeptidase. In 1931, Balls and Kohler (108) obtained fractions 
that hydrolyzed dipeptides much more rapidly than polypeptides. 
Gailey and Johnson (94) have reinvestigated the specificity of intes- 
tinal dipeptidases. These investigators came to the conclusion that 
three of the dipeptidases could be identified as (a) an enzyme hydrolyz- 
ing alanylglycine rapidly, for which action no activator was found; 
(b) an enzyme hydrolyzing diglycine, considerably activated by cobalt; 
and (c) a manganese-activated enzyme (not identical with leucylpep- 
tidase) capable of. attacking substrates lacking a free amino group of 
Z configuration, such as prolylglycine, iV-methylleucylglycine, and 
d-leucylglycine. Since separation experiments were not very suc- 
cessful, these conclusions are only provisional. 

Dehydropeptidases (109). There are two kinds of dehydropepti- 

dases. Dehydropeptidase I converts glycyldehydroalanine to glycine 
- ammonia, and pyruvic acid : • J > 

CHa 

NH2CH2CONHCCOOH — > NH2CH2COOH NH3 -}- CH3COCOOH 

This enzyme has been found in many normal and neoplastic mam- 
malian tissues and in a large number of plants. The second enzyme 

dehydropeptidase II, hydrolyzes chloroacetyldehydroalanine It is 

found mainly in kidney and liver and in small amounts in various 
plants. Mushrooms contain both dipeptidases in large auantitip, 
Dehydropeptidase action may be observed by measuring the evolution 
of ammonia m the ihgest The universal distribution of these ensymes 
suggerts that peptides of u, ^-unsaturated amino acids may play an 
important role in intermediary protein metabolism. ^ 



IfiO 


PROTEOLYTIC ENZYMES 

PROTEOLYTIC ENZYMES OF PLANTS 


The proteolytic enzymes of plants yary according ^ their origin. 

Som depend on reducing agents, such as sulfites, sulfides, cysteine, 
and cv'^les; others do not require activators. Some of protemase. 

containing plants have milk-clottmg ' ““'“^^IJ.rcasef the 

ever, the proteinase itself may “ttt.nl eS^e -s' sep- 

arated from the proteinase. 
The pH optima of the plant 
proteinases may differ consid- 
erably, yarying from a dis- 
tinctly acid to a distinctly alka- 
line pH. Some of these prod- 
ucts are used in medicine and 
in industry. 

Papain 

Papain is the name of the 
powdered latex of the green 
fruit of Carica papaya. The 
fresh latex contains a yery pow- 
erful proteolytic enzyme sys- 
tem. Owing to the sensitiyity 
of this proteinase to oxidation, 
half of the proteolytic power is 

l.-,,,. 13, (Mlccl ing lalcx from gm-n l»pay« mixture contains 

g„,ne suhstance tlm^^ 

ri Min lin Pro (rnffed oxidation, nowcvci, iwi i 

f.tcs (110,111). iio. g n.,nava proteinases contain readily 

o^xidisahlc groups The f tlin SH groups ; flms, 

commercial papain preparations can ‘ ^ , ^imes, papain 

is compensated for, however, by the tact that .n 

is thc'dioapcst source of 

preparation of Papaya Latex Lat x js lirep J 

or four '»"w7'"“r r73''ai2)" ^Tlie Intox either drips down into a 
rnllh^hoia^ho riuit oi elots on the fruit ,f,2). The liquid 
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latex rapidly coagulates and is dried in the air. Vacuum drying 
yields a superior product, however. The scratching process may be 
repeated several times, as long as the fruit is green. The yield of dry 
latex is about 0.1 per cent of the weight of the green fruit. 

About one-half of the total solids of latex consists of enzyme protein 
(110). Balls and associates (111) found that the addition of sodium 
chloride to the moist latex, followed by partial removal of the water, 
yielded a better and more stable product than the sulfide-treated 
latex — about as good, weight for weight, including the salt and water 
of the paste. These experiments are summarized in Table XVII (112). 

Precipitation Procedures. Balls and coworkers reported that the 
proteases may also be prepared from the press juices of the stalks, 
flowers, and stems of the papaya plant. The proteases may be pre- 
cipitated from the acidified (pH 4 with sulfuric, hydrochloric, or 
acetic acid) or filtered juice on the addition of 5 volumes of 92 per 
cent alcohol. Acidification of the press juice inhibits the action of 
natural oxidizing agents. The precipitate must be rapidly dried in 
vacuo because of the destructive action of the alcohol. 

The enzymes may also be precipitated by the addition of 2 volumes 
of saturated ammonium sulfate. The precipitate is allowed to settle 
overnight in the cold and is filtered the next morning The pressed 
and vacuum-dried product contains 60 per cent ammonium sulfate 
Not all the enzymes are removed by this methed, however. The pre- 
ciptation methods are probably too expensive to be of commercial use 

For measuring proteolytic activity, any of the usual methods may 
be employed. The m.lk-clottmg test is also applicable and most rapid 
(113) . Unless the papain concentrations are very small, the clotting 
tjme IS aversely proportional to the amount of ensyme employed il 


Like proteinase activity, the milk-clotting 
hydrogen sulfide, cysteine, and cyanide. 


power is activated 



Crystalline Papain 

Papain has been crystallised by Balls and Lineweaver (114) and 
consisted of a mixture of active »d inttive ensle 

Chymopapain\as half C p^o edyfe 
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by cyanide. Like other proteinases, it hydrolyzes certain peptides 

and splits hyppurylamide. It acts much faster, however, on native 

proteins. This enzyme is very stable at pH 10.5 but is inactivated 
below pH 4.5. 


a- and ,S-Papain 

Irving and associates (116) found that papain contains a cysteine- 
activable proteinase that splits benzoyl-Z-argininamide. Because 
this kind of specificity is also shown by crystalline pancreatic trypsin, 
this enzyme has been named papain trypsinase. It contains two 
inactive forms, which have been called papain-«-trypsinase and 
papain-/J-trypsinase. Only the p form may be activated by hydrogen 
cyanide. The a fojm may be changed into the p form by traces of 
sulfhydryl compounds, such as hydrogen sulfide or cysteine. The 
activation of the ^-form by an excess of hydrogen cyanide or hydrogen 
sulfide is reversed when the activator is removed in vacuum. The 
activator papain trypsinase compounds formed with various activa- 
tors represent different enzymes, depending on the activator used. 
\\ innick and associates (117), however, observed that no inactivation 
of papainlike enzymes takes place if the activator is removed in the 
absence of air. These investigators are of the opinion that the role 
of activators (cyanide, cysteine, etc.) is to protect the proteinase from 
atmospheric oxidation by effecting combination with heavy metals 
Anaerobic dialysis removes cysteine but does not inactivate the pro- 
teinase. When the dialysis is carried out in the presence of air the 
enzyme becomes reversibly inactive. These discrepancies will no doubt 

of thL'type^ concerning the active groupings in enzymes 

Papain Aminopeptidase. Agner (118) reported that papain prep- 
arations contain an aminopolypeptidase with a substrate speciLiW 

Z dldeXue^:. in hog-. py,„ri„ 




Bhomelin 

Bromelin is the papainase of pineapple iuice ThJo • • 

ilar to papain; it digest, protetos a^to milk BrlT' ’* 

d“ 

of toe papaya fruit, toe same is not trZoi toe LmeC 
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,U9), „„ .ho ba.o of ^ 7“fl-; 

’”'T‘"Tdu!;t I r.'hotmothod, bromolm is poecipHatod wUh alcohol, 

'•r ":.,™, “ “:S|“'-5S 

Biicl, nor filter, an.l washed with 0.6 saturated ammomum sulfate. T 

Proteases 

1- ABclepiafl Mexicana 

2 - Papain 

8-A8c)epin0 Speclosa 
4-Bromclln 

0-Solanum ElocagnlfoUum 




pn 

p,„. H. .H aodvhy « »t^"Xain £ 

„a.„lity of , (c»,ve si, and 1.0 n.illlBran. in digestions 

(Burve 1), papal |„iUliii (earve 4) and silanain (eutvo 5). 

preeipitate is dissolved in ^^a^d 

?rt ta^e-pST is .dissolve » oe. of ^ M ^ 

^ .ams . ..os. 

colorless enzyme (120). nffneted bv a series of reagents 

Brumclin and papain are protee the same degree of 

n20|. All the SH ™7;™f ,7rhyd«genllfid= probably aeti- 

trbrtiio ‘“f "7. rarU7o-f:f — Tan 

:;L”f «r. tyaSf CT T; doLetWe. Cbddised suif- 



FICIN 


165 


hydrj"! groups appear to be less readily reduced by sulfides. It should 
be noted, however, that some proteinases of papain may not contain 
sulfhydryl groups but may 


have other oxidizable radicals. 

The /»H Optima. Green- 
berg and Winnick (121) found 
the ojjtimum pH of papain 
and the optimum of protein- 
ases of the weeds Asclepias 
mexicana, Asclepias speciosa, 
and Solatium elaeagni folium 
to be at 7.5 when ovalbumin 
was the substrate. Bromelin 
showed an optimum at pH 7.0 
(Fig. 14) . With different sub- 
strates, different optima and 
pH activity curves may be 
expected. For instance, Will- 
statter and Grassman (122) 
found the optimum pH for 
gelatin hydrolysis by papain 
at 5.0. 

Ficin 

This papainase is present in 



various concentrations in the 

latex of certain fig trees. The 
latex is widely used as a gen- 
eral anthelmintic by natives 
of Central and South Amer- 
ica. It is especially effective 


Pig. 15. A comparison of Ascaris, after 2 
hours’ incubation in 0.2 per cent solutions 
of the active ficin, which had been heated 
to temperatures of 65“, 70°, 75°, and 80° C 
for 5 minutes. A temperature of 75“ C. for 
5 minutes destroys the digestive action of 

the material on A scam. 


against Trichuris trichiura. 


Robbins and Lamson ( 123) examined the latex of sixteen species 
of the genus Ficus. Only in two was the enzyme concentration high 
enough to digest Ascciris in a 2.2 per cent solution of the latex. The 
action was tested by incubating fresh worms (from the pig) at 35° C 
in 100 cc. of Ringer’s solution containing 2 cc. of the sap 

Latex from four genera of the family Moraceae showed only one- 
fifth of the proteolytic activity displayed by Ficus carica L San 
horn SIX South American trees had high proteolytic activity. 

Robbins and Lamson’s results are summarized in Table XVIIT 
Figure 15 shows the action of ficin on Ascaris (124). 
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Purification of Sap. The* active princii)lc of the latex i.s preeipi- 
tated by the addition of 3 volumes of acetone or 5 volumes of aleohnl. 
The precipitate may be dissolved in water, rej)reeipitated with aectmu-, 
washed with acetone, and dried in vacuo. One hundred eubie eeiiti- 
ineters of latex yitdds 11 to 12 f?rams of a lif^ht yellowish pnwdtr. 

Robbins showed that the enzyme ju'ceipitate fiein digests Ascart.-^ in 
a dilution of 0.1 per cent in to 2 hours, and lh;it enzyme activity 
and the Ascaris-liquefyinQ principle are the saiiK* substance. 

Berger and Asenjo (125) have found that fresh j)ineapple juiei' 
digests Ascaris luinbricoidcs and Macracanlliorync}iit.s Itintndinaci iv<, 
obtained from hogs’ intestines, at the end of 24 h.iurs. This indicates 
that there is some scientific basis for the use in some countries of pine- 
apple juice as an anthelmintic. 

Crystalline Ficin. alti ( 126) describi'd a ^•erv convenit-nt metlmti 
for the crystallization of ficin. The clarified latex is adjusted to 
pH o with normal sodium hydroxide anil j)laced in ;i refrigerator at 
about 5° C. for several weeks. The crystals which precipitate tire 
dissolved in approximately 0.02 .V hydroehlorie tieid and filtered 
through a filter cell if necessary. On neutralization to /d! 5 erysttiD 
appear. The crystalline enzyme was founil to be ti jirotian. Aetixdty 
to hydrolyze gelatin or benzoylglycylamide disap])eared upon treat- 
ment with phenylhydrazine, and reaiipeared with the addition of 
cysteine. The ficin was also inactivated by hydrogen jieroxide ami 
by iodine. Thus, this enzyme is a papainase. 

Walti confirmed the findings of Robbins, and of Robbins and Lam- 

son, concerning the identity of the proteolytic power with the anthel- 
mintic principle. 

PROTEOLYTIC ENZYMES OF MILKWEEDS AND THEIR 

RELATION TO OTHER PROTEASES 

_. £ ‘ 1 . * ^ ^ 127) have published 

a series of interesting papers concerning the properties of two milk- 
weed proteinases. One of the proteinases of the milkweed Asclepias 

they named " asclepain m." The second milkweed en^^mle 
that of Asdepias speciosa, they called “ asclepain s. ” These papers’ 
also contain important information on the plant proteinases brom- 

e m, papain, and solanain, the protease of the horsenettle, Solanum 
eleagnifohum. ’ 

Bromelin, asclepain m, and asclepain s resemble papain in their 
dependence on sulfhydryl groups. Solanain, however^ if not affected 

Ir "p'"' a papainlfe 

proteinase. Papain probably contains essential phenolic and sulf- 
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hvdryl groups. pH activity curves, as obtained by Greenberg and 

Winnick are given in Fig. 14 for five protemases. 

These ’ investigators also determined the Michaelis constants for 

papain, bromelin, asclepain m, asclcpam s, and solanain. In every 

the cnzvme-substrate intermediary compound contained 1 m - 

cule’each of enzyme and protein. The heat 

had high critical thermal increments, similar to papain and biomeh . 

The Proteolig Enzymes of the Leaves op the Milkweed 

Asclepias syriaca 

Tnnher and Laufer (128) investigated the proteolytic enzymes of 
th jLtes ofa tp.tes of milkweed, Asclepias syriaca which grows m 

f Ouncf . contains at least one specific 

nroteinase which after dialysis becomes inactive and is giea y ac i 

milk-clotting enzyme (chymase 

with the other two -f ve pnnc.pta^ «S also have only 

bles chymotrypsin and the chymase oi papai , 

weak Leaves and Its Properties. Four 

mixed with 220 cc- of an ^ bisulfite per liter. 

Thfmlxtm-erJicc passed tW 

liquid seventy cubic centimeters of 

:r PI 5*90, . 01 ^™. 

have shown that extiac ion aliquot of the extract is 

kept tor 24 hours at 5 C. “ the cold,^ light-colored solution. An 

rates into n green piccip precipitate is centrifuged oft, and 

aliquot of the mixture is ■ ■ , taj The greenish precipitate 

both supernatant and P™>P'_t»^ „i„t,ire and pre- 

appears to be a chlorophy p i x- the supernatant was 

cipitate showed high ^ J. the proteinase activity 

■""t z,“ srr J i. .i— 

that a separate enzyme is involved. 


PROTEOLYTIC ENZYMES OF MILKWEEDS 


16 & 


The. Optimum pH. The optimum pH of the proteinase, using 
gelatin as the substrate in citrate buffer, is at 5.45. The enzyme, 
however, is quite active between 5.45 and 8.45. AVith casein as the 
substrate, the proteinase shows a flat optimum between pH 7 and 9. 

Separation of Papainaselike Proteinase (Asclepain sy) from 
Polypeptidase. Torty cubic centimeters of the original extract of 
milkweed leaves was dialyzed in a cellophane tubing against a solution 
containing 100 grams of dextrin in 700 cc. of water 1 129) at 5° C. for 24 
hours. After dialysis, the volume of the milkweed extract decreased 
to 8 cc. On dialysis, a green precipitate formed. This was mixed 
with the supernatant, and the mixture was tested, using gelatin as a 
substrate. It was almost inactive. An aliquot of tlie dialyzed mix- 
ture was centrifuged. Both precipitate and supernatant wore only 
very slightly active. To an aliquot of the dialyzed mixture, a small 
amount of sodium bisulfite was added. This sample became highly 
active. The dialy. d inactive precipitate also became active on the 
addition of bisulfite, but the supernatant of the dialyzed mixture did 
not (Table XIX). When the same type of tests were applied using 

TABLE XIX 


Fractionation and Reversible Inactivation of the A. syriaca 

Proteinase Mixture by Dialysis ( 128 ) 




Volume of 

Cubic Centimetoi's 
of A/20 KOH per 

Experiment 

No. 

Enzyme 
Solution, cc. 

2 cc. Aliquot 
of Digest 

1 

Original (whole) extract 

1 

1.08 

2 

Dialyzed extract, mixed 

0.4 

0.28 

3 

Green precipitate 

0.4 

0.09 

4 

Supernatant fluid 

0.4 

0.06 

5 

Dialyzed (whole) extract, plus 5 mil- 
ligrams sodium bisulfite 

0.4 

1.11 

6 

Green precipitate, plus 5 milligrams 
sodium bisulfite 

0.5 

0.75 

7 

Supernatant fluid, plus 5 milligrams 
sodium bisulfite 

0.4 

0.10 


The dipt contained 6 per cent gelatin in M/15 citrate buffer of pH 5 45 in total 

volpe of 20 cc. Hydrolysis was tested after 24 hours at 37“ C. Toluene was used 
as the antiseptic. 


dWeucylglycylglyome as the substrate, almost all the activity was 
found to be m the supernatant (Table XX). Thus, it is obvious 
aat a separation of the two activities, proteinase and polypeptidase 
took place. The polypeptidase action did not require bLiate aotivV 
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tion The dialyzing procedure resulted in a considerable concentra- 
Ln‘ of the enzymes. It is suggested that the name ^ 

S,i;cLpain, and that the peptidase bo called •' asclepam pepUdase. 

TABLE XX 

A. .rtara Polypeptidase Activity in Dialyzed Fractions (128) 


Experiment 

No. 

1 
2 
3 


Cubic Centimeters of 
N /20 KOH per 5 c.c. Digest 


Dialyzed extract 2.34 

Green precipitate 0 

Supernatant fluid 


* • a n concentration of dWeucylglycylglycine adjusted to 

The digests contained a v j^^uffer, and 0.5 cc. of dialyzed 

7,0 with sodium hydrox.de 2 cc. wns 5 cc. The 

Lxyme soh.tiou, i« w.s^l hours, Toiucuc was the un.i- 

Sc"Tr"uo Imu. w» added to ,m, oi the eamP>ca 

1 in Caroenter and Lovelace (130) published a 

h", nollu h" V of asclepain from the press 

very simple method lor xne y- . Their method 

juice of the roots of ™' rafyino with lialt-saturatcd ammonium 

plates, when its solution >" P«;„M in a Saturated solution of 
tube attached to a ^ activated by the usual reducing 

ammonium sulfate. Th y ^ Whether this 

agents, and it has an or peptidase activity is not 

preparation has milk-clott g P milkweed employed 

mentioned. Both the genus misspelled. The correct spelling 

by Carpenter “r”! The error has bLn repeated in a recent re- 
is Asclepins synaca. ih 

view (131) • 


Mexicain 

1 Vora n‘12) have identified a new papainase m 

Castaneda and “"<>* Yed t liexicain. This onsyme is present in 

the latex of the fruit and „f the family of Cari- 

arboreous plant about ““bundantiy in the tropical regions of Mexico 
“tTti:: ;:;:yaTuH- longnudinal incisions are made in the 
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fruit. It clots rapidly and becomes yellow. The vacuum-dried 
(45° C.) latex may be readily pulverized to a white powder. 

In vitro, mexicain shows high anthelmintic power. It clots milk 
and digests proteins slightly faster than papain. The fresh latex and 
dry-weight ratio is 30 per cent for Pileus mexicanus and only 20 per 
cent for papain. 

Crystalline Mexicain. More recently, Castaneda-Agullo, Her- 
nandez, Loaeza, and Salazar (133) obtained mexicain in crystalline 
form by the following procedure: 

Two volumes of water is added to 1 volume of fresh latex. The 
pH is adjusted to 7.5 with 0.5 N sodium hydroxide, and the solution 
is chilled at 5° C. for 24 hours. The solution is filtered through Hyflo 
Super-Cel, the pH is adjusted to 5.5 with 0.05 N hydrochloric acid, 
and the opalescent solution is chilled to 5°. After 24 hours crystals 
form. They are protein in nature and homogeneous, and they have a 
proteolytic activity and milk-clotting power 4 to 5 times that of 
vacuum-dried latex. The crystalline enzyme is very soluble. A 
solution at pH 5.8 may be kept at room temperature without losing 
its activity. Sodium cyanide and cysteine are not required for 
activation. A latex sample that was a year old yielded identical 
crystals with those obtained from fresh latex, but their activity 
was lower. 


The Proteinase op the Osage Orange 

Large crops of osage oranges are produced annually in the United 
States on female osage orange [Madura pomifera Raf.) trees. The 
tree is naturally distributed in southeastern Oklahoma and eastern 
Texas and is widely planted in other states for hedges and for orna- 
ment. Tauber and Laufer (134) found that the osage orange contains 

a powerful proteolytic enzyme system that has not yet been described 
in the literature. 

Preparation of the Proteinase. One green osage orange weighing 

670 grams is cut into several parts. The exuding latex is collected in a 

small beaker, and the cut-up fruit is finely ground in a meat chopper 

and pressed with the aid of a hydraulic press; 180 cc. of press juice 

is obtained, or 26 cc. per 100 grams of fruit. To 90 cc. of centrifuged 

juice, 180 cc. of 95 per cent ethyl alcohol is added. The precipitate 

is centrifuged off and dried in vacuum at room temperature; 1.3 grams 

of yellowish-green powder is obtained, or 0.19 per cent on basis of 
the green fruit. 

The latex is very similar in appearance to the latex of the papaya 
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fruit but contains a large amount of gummy substance It is dried 
in vacuum and then twice extracted with 15-cc. portions of chlorofoim. 
The degummed latex is dried m vacuum. One-hal gram of an almost 
white powder is obtained, or 0.08 per cent on the basis of gieen fiuit. 
The qiantity of press juice obtained varied with the stage of develop- 
ment of the osage orange. Green fruits contain more press ^uice than 

tliose nearine; the stage of ripeness. , 

General Properties of the Osage Proteinase. The osage proteinase 

is not activated by sodium sulBte, indicating that it is not a papainase. 

lageTtcx clots milk less rapidly than papain. The op— pH o 

;;:teinL is stiH considerably active at pH ^ 

4 32 Thus, its pH activity curve is also somewhat i tfeient tiom 

That of papain. Tauber and Laufer propose the name poin.fcrin 
for this proteinase. 


Papainase of Soybeans 

Tauber and Laufer (135) prepared a fairly 

i.* f ^^nvbean with 4 volumes of 30 to 50 pel cem. 

dyeeroHor°24 hours at 30” C. This ensyme was “■““vated by so«um 
sulfite, indicating that it ”^20 with gelatin 

:fthe“’uL?::r“?;"sodiu„. citrate -as the ^ Howe^« fte 

TABIsE XXI 

Effect of Germination on Soybean Protease 

(pH 7.0 — Cilrute bulTcr) 

Proteolytic Activity Expressed 
in Cubic Centimeters of 

N /20 KOH per 10 Grams 


Experiment 

No. 

1 

2 

3 


Type of Material 

Soybean, original 
Soybean, germinated 6 days 
Soybean, germinated 12 days 


Soybean Variety 

I 

1.63 1.37 

4.03 2.96 

6.86 6.85 


C 

1.21 

2,43 

6.39 


The proteinase of soybean was named soym. 
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Tabernamontanain 

Jaffe (137) has shown that a papainlike proteinase is present in 
the juice, bark, and green fruit of the Venezuelan shrub Tabernamon- 
tana grandijlora. He named the enzyme “ tabernamontanain. ” The 
proteinase was obtained by acetone precipitation, and in this crude 
form it was many times more active than crude papain as calculated 
by its milk-clotting power and its activity on gelatin or peptone. 
Plant material collected in April was activated by cyanide and cysteine ; 
that collected in July did not become more active by the reducing 
agents. It was concluded that the first-obtained material contained 
no natural activators. Like most papainases, tabernamontanain di- 
gests living intestinal parasites. 


Arachain 

Irwing and Fontaine (138) prepared, in a purified state, the pro- 
teinase arachain from peanut meal. Papain activators had no effect 
on the activity of the enzyme when benzoyl-Z-argininamide was the 
substrate, and the activity was greatest at pH 6 to 7.5. 

Euphorbain 

A 

This name was suggested by Castaneda and collaborators (139) 
for the proteolytic principle of the latex of Euphorbia cerifera. This 
proteinase was activated by cysteine and cyanide and inactivated by 
hydrogen peroxide. A similar proteinase has been prepared from the 
latex of the weed. Euphorbia lathyris by Ellis and Lennox (140) . The 
enzyme was prepared by extraction of the acetone-precipitated latex. 
This enzyme was as active as commercial trypsin or papain. It was 
also named “ euphorbain.” 

Many of the so-called “ proteinases ” of plants require further puri- 
fication and testing of their specificity. In Table XXII, some proper- 
ties of a series of plant proteinases are shown. 


PROTEOLYTIC ENZYMES OF YEAST 

Dernby (143) reported that yeast contains a proteolytic enzyme 
having an optimum at pH 4.5, a trypsinlike enzyme with an optimum 
at pH 7.0, and a peptidase. Contrary to these findings, Willstatter 
and his associates (144)^ and Grassmann and his associates (145) 
reported that yeast contains only one proteinase with an optimum pH 
at 5.0, a polypeptidase, and a dipeptidase acting at pH 7 to 7.8. The 
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TABLE 
Properties ok Some 



Botaniral Origin 

Name 

Common 
Name of 
Plant 

Genus and 

Species 

Source of 
Material 

Papain 

Papaya 

Carica papaya 

Latex of green 
fruit 

Ficin 

Fig 

Ficus carica^ glabratay doliaria 

Latex 

Bromelin 

Pineapple 

Anana saliva 

Fruit, leaves 

Pinguinain 

Maya 

Bromelia pinguin 

Fruit 

Asclepain 

1 

Milkweed 

Asclepias speciosUy mexicana, 
syriaca 

Latex, roots, 
leaves 

Mexicain 

Cuaguayote 

Pileiis viexicanus 

Leaves, fruit 

Tabernamontanian 


Tabernaviontana grandijiora 

Sap, fruit 

Euphorbain 

Caper 

Spurge 

Euphorbia ccrifcra, laihyris 

Latex 

Solanain 

Horsonettle 

Solarium eleagnifolium 

Fruit 

Hurain 

Jabillo 

Hura crepitans 

Sap 

Soyin 

Soya beans 

Soja hispidus 

Germinated 

beans 

Pomiforin 

■ 

Osage 

orange 

Madura pomifera Raf. 

Fruit 

Arachain 

Peanut 

Arachis hypogca 

Seed 




nroteinasc requires the presence of hydrocyanic acid or hydrogen 
sulfide for full activity. The yeast polypeptidase, however, is stiongly 

inViihited bv these reagents (146). 

Hccht and Civin (147), using cther-plnsmolyscd yeast ’ 

have reported that yeast contains a pepsinlike enzyme acting at pH 1.8, 

ta, liS to be mulh less than that of pepsin. The substrate was 
1 u- cinrl ihp tvrosinc liberated was used as a measuie of pio 
hemog _ ,j,| investigators found that, of a series of organic 

“Igenrsuch a. are usually employed to destroy the yeast cells (ethyl 




XXII 

Plant Proteinases 


Stability in Acid 
or Alkali 

Response to 
Cysteine and HCN 

pH of Optimum 
Protein Digestion* 

References 

Unstable below pH 
2.5 and above 12.0 

+ 

7-7.5 

120 

Stable at pH 2 

+ 

7 

117 

Stable at pH 2-3 

+ 

6-7 

119 


+ 

3 (milk) 

141 

Unstable in acid or 

+ 

7-7.5 

120 

alkali 

5.45 (gelatin) 

128 

Stable at pH 5,8 

— 

1 

132 


Depends on season 

5.6 (gelatin) 

137 


+ 

6 

139 

Stable in dilute alkali 


8.5 

141 

Stable in dilute alkali 

— 

8 (gelatin) 

149 


+ 

6.78 (gelatin) 

135 


— 

6.45 (gelatin) 

134 

^ • « 1 


6t-7.5 

138 


• Casein, ovalbumin, and denaturated hemoglobin, 
t Ben20yM«argininamide. 


4 

acetate toluene and chloroform) produced values of pepsin from zero 
to two-thirds of those obtained with ether 

Hecht and CWn employed the following method for the autolyeis 

IS hours. The .^ure was centrifuged in a Sharpies centrifuge and 
the heavier liquid phase was used. Ninety cubic centimeter of 
hqmd was obtained. This solution contained the total peptic activity 
that was demonstrable in the yeast. The yeast solLon retained 
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full activity for 2 hours when kept in ice water. This same yeast 
extract contained all the tryptic activity that could be demonstrated 

in the yeast. 

The results of Hecht and Civin are extremely interesting, since the 
presence of a pepsinlike enzyme with optimum pH at 1.8 had not pre- 
viously been described in yeast. 

Macrae (148) studied the liberation of the proteolytic enzyme of 
English top yeast and Dutch bakers’ yeast. He used ethyl acetate 
as the plasmolyzing agent, added water, and adjusted the pH close to 
7.0 with dilute ammonium hydroxide during autolysis. These yeasts 
showed differences in the liberation of the proteolytic enzymes when 
compared with results obtained with German beer yeasts. Macrae 
found that the proteolytic enzymes could be precipitated from the clear 
autolyzate with acetone. Seventy-five cubic centimeters of autoly- 
zate treated with 150 cc. of acetone yielded 25 mg. of dry enzymes 
which had good proteolytic activity when gelatin of pH 5.0 was used 
in the substrate. In many respects the yeast proteinascs resemble the 

papainlike enzymes. 


PROTEOLYTIC ENZYMES OF MOLDS 

Berger Johnson, and Peterson (149) examined the proteolytic 
enzyme systems of 30 common molds. These molds contain at least 
one proteinase and at least five peptidases in widely varying amounts, 
great variation being found between individual members of the same 
eenus The proteolytic activity varies with the incubation •• 

When the molds were grown on an organic medium, their proteolytic 
activity was found to be higher than when a synthetic medium was 
employed. The optimum pH for the proteinase of the molds Asyer- 
gilhis oryzae, A. alliaceus, and A. wentii, with gelatin as substrate, was 

about 7.0, 


PROTEOLYTIC ENZYMES OF BACTERIA 
Maschmann (150, 151), by using young (3- to 12-hour) cultures of 

aerobic and of anaerobic bacteria, obtained four different proteinases. 
Ml four have an optimum pH at 7. Three do not require cysteine 
being fully active under aerobic conditions; the fourth is an anae 
prteilaio and requi™ cystoinn in The : 

Sfby alonium sulfate, methyl aleohol, or aeotono. The ^eejp- 

itates are further purified by dialysis “f t ' 

this method, the proteinases are concentrated 1000 to 2000 times. 
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PROTEOLYSIS UNDER VARIOUS CONDITIONS 

N 

Partial Hydrolysis Products of Proteolysis. Winnick (117), by 
using casein as the substrate and by digesting it separately with pepsin, 
trypsin, chymotrypsin, ficin, papain, and carboxypeptidase, made a 
study of the hydrolytic products. After digestion, the average non- 
protein molecules contained from five to seven amino acid residues, 
with 1.5 to 4.5 per cent of the total nitrogen in the form of free amino 
acids. Inorganic electrolytes were removed from the digests by elec- 
trodialysis, and nitrogen, specific rotation, and average molecular 
weight were determined. Carboxypeptidase reacted further with the 
protease digests. This was interpreted as a splitting of free amino 
acids from the ends of polypeptide chains. The initial products from 
short periods of protein digestion were compared with those from pro- 
longed protease action, and the specific rotations and ratios of amino 
to total nitrogen were found not to differ significantly. These findings 
are in agreement with the view that relatively few protein molecules are 
split rapidly in each time interval in enzymic hydrolysis. 

Hydrolysis of Soybean Oil Meal by Proteolytic Enzymes. Evans 

(152) found that maximum yield of amino nitrogen (37 per cent of total 

nitrogen present) in soybean oil meal was obtained from autoclaved 

meal by successive digestions wdth commercial pepsin, trypsin, and 

“erepsin.” Optimum results were obtained on mild autoclaving 

(120° C. for 30 minutes). The article contains a detailed description 

of the composition of the various digests and of the other experimental 
conditions. 

Proteolysis in the Presence of Ethyl Alcohol. Risley and associ- 
ates (153) published an interesting study concerning the tryptic diges- 
Uon of bovine serum and other proteins in the presence of ethyl alcohol 
They found that 20 per cent solutions of dried bovine serum were 
resistant to the action of trypsin and that this resistance could be over- 
come by the use of digestion mixtures containing 20 per cent ethyl 
a cohol. It IS suggested that the ethyl alcohol may inhibit the action 
of antiproteases present in the serum. Tryptic digestion of serum 
proceeded smoothly m concentrations of 10 to 30 per cent ethyl alcohol 
or as long as 2 weeks, at which time approximately 80 per cent of the 
potential ammo groups were liberated. Concentrations of ethyl alco- 
hol higher thaa 30 per cent inhibited tryptic digestion of serum but 
Xw hydrolysis occurred even in 60 per cent ethyl alcohol 

tion at 60 =. io^tead the ™.e asua. 00^^::; 
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when 20 per cent ethyl alcohol is present in the digestion mixture. 
Ethyl alcohol was found to be a useful reagent for preventing putrefac- 
tion during tryptic digestion. ^ ± 

The Effect of Papain on Proteins. Papain digests most proteins to 

pi-oteoscs, pi-ptones, and peptides. Hoover and Kokes (164) studied 

tlio extent of digestion of casein by activated papam at pH 7.00, pH 
5.00 and pH 2.50. At pH 7.00 and pH 2.5, about 25 per cent of the 

peptide bonds were hydrolyzed, resulting in the liberation of 14 per cent 
of the amino acids. At pH 5.00 (the optimum for the initia rate of 
hydrolysis), about 50 per cent of the peptide bonds were split and 30 
per cent of the amino acids were set free. At first, peptides averaging 
4 to 6 units were formed. This was followed by the re ease of ammo 
acids without much change in the average length of the peptides 

'^^lUs'very important from a practical standpoint that sulfhydryl 
groups present in the protein substrates are liberated during hydroly- 
se, as during the digestion of meat. These will change an 

almost inactive papain to a highly active product (155). 

TABLE XXIII 

Amino Acids Isolated from Fieri n-Papain-HCN Digest 

Amount 


Amino Acid 


Tyrosine 

Tryptophane 

“ Leucines ” 

Leucine 

Isoleucine 

Phenylalanine 


Isolated 
per cent 

3.2 

1.6 

6.7 

31 

0.7 

0.3 


In Fibrin 
per cent 

3.5 

5.0 

15.0 


2.5 


Extensive Digestion of Protein by Papain. It has 
reported that amino acids and synthetic pepUd. - “er ted ^ 

zrin 

per cent ’of the peptide linkages were split. The lollowmg 
were employed by Bcrgmann and Niemonn. 

Preparation of Digest: U 72 grama of rattle fibim, j 

aqueous solution containing 27 grams of papain and 6.5 gia 


i 
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1635 cc. of 0.2 M disodium phosphate, 6500 cc. of water, and 20 cc. of 
toluene were incubated at 37° C. for 20 days. The digest, which had 
a pH of 6.4, was brought to 80° and filtered, and the residue was several 
times extracted with hot water. The concentrated washings were 
combined with the original filtrate and the solution was made up to 14 
liters. The amino acid yields are shown in Table XXIII. 

METHODS FOR THE DETERMINATION OF PROTEOLYTIC 

ACTIVITY 


The Estimation of Proteolytic Activity op Papain (157). 

Preparation of Sample, (a) Unactivated. If the enzyme prepara- 
tion is a solid, it is finely divided by grinding to smooth paste in small 
mortar with a little freshly boiled cold water. Then the enzyme is 
suspended in cold boiled water in the proportion of 10 milligrams of 
original preparation per cubic centimeter. After 5 to 10 minutes, the 
suspension is centrifuged and the sediment discarded. 

(b) Activated. The procedure is carried out as directed in (a), 
but half-saturated hydrogen sulfide water is used instead of boiled 
water. After centrifuging, the enzyme solution is incubated at 40° C. 
for 1 hour to complete activation. 

Reagents, (a) Casein Solutions. A 6 per cent solution of Ham- 

marsten’s casein is made by rubbing 60 grams with a little water in a 

mortar and gradually adding 60 cc. of 1 N sodium hydroxide and water 

until the volume totals 1 liter. The viscous solution is heated for 30 

minutes in a bath of boiling water, cooled, and filtered (with glass 
wool), if necessary. 

(b) Buffer Solution. A 0.2 M monosodiura citrate solution is pre- 
pared by partial neutralization of citric acid with sodium hydroxide. 

(c) Titrating Solution. One-tenth N alcoholic potassium hydroxide. 

(d) Indicator. One per cent alcoholic solution of thymolphthalein. 
Determination. Ten cubic centimeters of the casein solution and a 

small charge of 4-millimeter-diameter glass beads are placed in each of 
several 125-cc. glass-stoppered bottles, and bottles and contents are ' 
brought to 40° C The desired volume of the prepared enzyme solution 
IS added, but not more than 4 cc. If this quantity is insufficient (see 
later) a more concentrated solutipn of the enzyme is prepared Im- 

Zn ^ ^ ^ should 

ShZ 4 S°^C " constant-temperature wate? 

The mixture is incubated . for 20 minutes at 40° C counting tim^ 
from addUion of buffer; 1 ee. of the iudicator is addei’a^d «ratio“ 
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begun with the titrating solution. As soon as a deep blue color appears, 
the bottle is shaken until the color is discharged or the precipitate is 
completely dissolved. (It is usually best to add the alkali in portions 
of about 0.5 cc.). When all precipitated casein has been brought into 
solution, the contents of the bottle are transferred to a 400- to 500-cc 
flask and the bottle is rinsed 2 or 3 times with alcohol, a total of 25 cc. 
being used for this purpose. Enough alcoholic potassiuin hydroxide is 
added to restore blue color in the titration, then 1/5 cc. of boding alco- 
hol is added, hlore alcoholic potassium hydroxide is carefully added 
until a pale but distinct blue color persists m the solution ^ 

A coiJ^trol titration is made exactly as described, immediately after 
the addition of the buffer and, therefore, without any ii^c^bjition time 

The difference between the titration of the undigested sample and that 
of the digested sample is a measure of the proteolytic activity of the 

'"STulation of Proteinase Unit. For smaller quantities of enzyme 
the extent of hydrolysis determined by the titration descri ed i? 

*''Vh;\^nTr,;'"papSi' bo considered the puantHy of ensynne that 

0.1 N preparation is then expressed .n units 

per milligram, or as milligrams of the papain preparation necessary to 

make 1 unit (157). 

OTHER METHODS FOR THE ESTIMATION OP 

PROTEOLYTIC ACTIVITY 

The Formal Titration Method (158) 

One cubic centimeter of ensyme ‘^Mo'n 

to a scries of test tubes containing 5.0 cc^ "" solution of 

rn 7r as to require 5.0 cc. to 
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adjust the sample to faint pink to phenolphthalein. The indicator is 
a 0.5 per cent alcoholic solution. One drop of it is sufficient. Then 1.0 
cc, of 40 per cent formaldehyde solution is added and the titration is 
concluded with A^/50 sodium hydroxide. If the whole titration were 
carried out with A^/50 sodium hydroxide, the volume required would be 
too large and the end point would be difficult to determine. 

A blank titration is carried out with boiled enzyme solution added 
to the protein solution. The activity of the enzyme is determined from 
the time curves (65). 


The Gross-Fuld Method (160) 

This is a very simple and rapid procedure often used, in conjunction 
with other methods, for testing commercial enzyme products. 


4 

Reagents 

1. Casein Solution. To 0.1 gram of casein, 5 cc. of A^/10 NaOH 

and 25 cc. of distilled water are added. The mixture is brought to 

boiling, cooled, and adjusted to the desired pH with N /\0 HCl. Then 
the solution is diluted to 100 cc. 

2. Alcoholic Acetic Acid Solution. This is a mixture of 1 part acetic 
acid, 49 parts water, and 50 parts 96 per cent alcohol. 

^ Procedure. Increasing amounts of the enzyme solution are placed 

in ten test tubes. Then the volume is made up to 4 cc. with distilled 

water To each sample of enzyme solution, 2 cc. of the casein solution 

IS added. All solutions should be at 38° C. After mixing, the test 

tubes are incubated for 1 hour at 38° C. Then the digests are cooled 

and 6 drops of the alcoholic acetic acid solution is added to each 

sample. The tube in which clarification begins is the basis for cal- 
culating proteolytic activity. 

Grob (161) modified Wunderly’s method for the estimation of pro- 
teolytic activity. Here the undigested casein is treated with 20 per 
cent sulfosahcyhc acid and the turbidity of the resulting suspension of 
undigested casein IS determined with the aid of a photoelectric nephe- 
lometer The value for the digested casein is subtracted from^the 
undigested concentration. By employing the law of Schiitz the 

ral°^of contatst’com! 

p nson of the activities of crude trypsin, crystalline trypsin crude 

papa n, and leucoprotease and the effect of a series of activators and 
inhibitors on these enzymes. 
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CHAPTER VII 


INTRODUCTION TO OXIDIZING ENZYMES 

AND THEIR CLASSIFICATION 

All functions of the living cell require energy. The cell obtains 
the energy from foods by two different methods. One is burning oi 
oxidation; the other, fragmentation or fermentation. Oxidation re- 
quires atmospheric oxygen in the more complex organisms; fermenta- 
tion does not. Fermentation is a simpler process than oxidaLon, 
but about ten times as much energy is liberated by oxidation Fer- 
mentation can maintain only the simplest kind of life. A human 
being cannot live without oxygen for more than about three minutes. 
Molecular oxygen cannot oxidize foods to any degree. The oxidations 
in nature are carried out by oxidation-reduction systems, so ^Ued 
because there is no oxidation without simultaneous reduction How- 
ever, in the energy-producing mechanisms of higher forms of fer- 
mentation processes (glycolysis) do play an important role (ske etal 
muscle) . The relationship, as will be seen, appears to be quite close. 
Pasteur discovered that, if oxidation is suppressed by lack of oxygen, 
fermentation commences. If oxidation is permitted to take place 
again, fermentation discontinues. This phenomenon is known as 

“ Pasteur reaction.” . , . , -j i- o+;ii 

Our kmiwlflgc of tho tneclmnism of biological oxidation is still 

incomploto. However, wo know today that biological oxidation, or 
”:ptation, as it is called, represents a definite chain » 

Enzyme systems have been isolated from various tissues which activate 

the stable atmospheric (molecular) oxygen, and other 
have been found which activate the hydrogen of foods rlavo] lot , 
several cytochromes and cytochrome oxidase, the pyridine nucleotides, 
the ■ diphosphothiamin proteids and other enzymes, “f, 

intermediates (hydrogen carriers) take part in these 

a series of reactions, transferring electrons from the substrate 

ular oxygen by a stepwise process. It may be readily seen that such 

processes require a variety of complex oxidases. _ T lore ^ 

dases that oxidize their substrates, and they, m tuin, are oxidized 
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by molecular oxygen. Most oxidases require several oxidation-reduc- 
tion systems in order to transfer electrons from their substrate to 
molecular oxygen. 

Oxidases act quite rapidly on their substrates at body temperature. 
Some of these substances are among the most stable compounds known 
to the organic chemist. For instance, the purine derivatives are not 
readily oxidized by even concentrated nitric acid and potassium per- 
manganate. The recrystallization of uric acid from concentrated 
sulfuric acid is a well-known laboratory experiment. Many amino 
acids are quite stable in strongly acid or alkaline medium. 


CLASSIFICATION 

The following classification is based on the functions and the chem- 
ical composition of the oxidizing enzymes; A, oxidases, B, dehydro- 
genases, C, other oxidases. These groups may be subdivided : 

A. Oxidases 

Group I. These are the iron-porphyrin enzymes. They contain 
hematin, or a substance closely related to hematin, as their prosthetic 

group. Examples: catalase, peroxidase, verdo peroxidase, cytochrome 
oxidase, and cytochrome peroxidase. 

Group 11. These are the copper-containing enzymes : ascorbic acid 
oxidase, tyrosinase, and laccase. 


B. Dehydrogenases 

^ These oxidases have been divided into three distinct groups, depend- 
ing on the type of hydrogen acceptor through which they react with 
molecular oxygen (1). The dehydrogenases remove two hydrogen 
atoms (or two protons and two electrons) from their substrates. 

Group I. Dehydrogenases requiring codehydrogenase I and II 
belong here. Through these coenzymes, which act as hydrogen trans- 
mitters or carriers, they react with certain flavoproteins, which in 
turn react with cytochrome c and molecular oxygen. These dehydro- 
genases do not function directly with flavoproteins, cytochrome c or 
mo ecular oxygen, or with artificial carriers such as methylene blue 

Exay les: alcohol, lactic, glycerophosphoric, yff-hydroxybutyric, and 
many other dehydrogenases. 

oont&ms flavoproteins, which do not require 
the addition of coenzymes, the prosthetic flavin group functioning as 
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the acceptor. Some of those enzymes (aerobic dehydrogenases) react 
directly with molecular oxygen; for others (diaphorases) , the media- 
tion of the cytochrome system is necessary. Examples: Old yellow 
enzyme, liver aldehyde oxidase, (-amino acid oxidase, and other 

oxidases. 

Groxip IIL These dehydrogenases arc cytochromc-lmkcd or the 
cytochrome-reducing dehydrogenases; so named because they readily 
reduce cytoclirome c. However, this may not be a direct reaction, 
since these enzymes arc impure. They are difficult to purify, since 
they arc firmly bound to the insoluble portion of the cell. They do 
not require coenzymes, and they readily reduce mcUiylene blue in 
their absence. Examples: succinic, glyccrophosphoric, formic, and 

other dehydrogenases. 


C. Other Oxidases 

Other oxidases not belonging to the above groups: Luciferase, uricase, 
tyraminc oxida.se, etc. 

For the study of oxidases, Warburg’s manomctric procedure and 
the Thunberg technique may be used. These methods have been 
ably described in an appropriate manual by Umbrcit, Burris, Stautter, 

and their collaborators (2) . 
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CHAPTER VIII 

THE IRON-PORPHYRIN ENZYMES 


These enzyme systems contain hematin or a substance closely 
related to hematin. The hematin is bound to various proteins to 
form the specific, active enzymes. This group of enzymes includes 
catalase, peroxidase, verdoperoxidase, cytochrome oxidase, and cyto- 
chrome peroxidase. Many other hematin proteins, such as hemoglobin 
and myoglobin, exist in nature. These substances have only very 
slight catalytic effects. Hemin has also a slight catalase activity. 


CATALASE 

Catalase is found in most cells. Horse liver and erythrocytes are 
the best sources. Catalase is not an oxidizing enzyme. It is now 
being classified with oxidases because it is chemically related to sev- 
eral oxidases and also because it takes part in respiration. It de- 
composes the cell poison, hydrogen peroxide, into water and oxygen. 


Chemical Nature, Inhibitors, and Action 

Catalase is an iron porphyrin compound. Sumner and associates 
(1) found that crystalline beef-liver catalase has a molecular weight 
of 225,000. The enzyme has an isoelectric point at pH 5.7 (2) The 
visible absorption bands are at 627, 536, and 502 The band at 
502 /X IS difficult to see. Unlike other porphyrins, catalase is not 
reduced by dithionite. This enzyme may be kept for several weeks 
m an icechest provided that the solution is not too dilute Concen- 
trated solutions are almost black, whereas dilute solutions are yellow. 
Catalase is inhibited by hydrogen cyanide and by sulfhydryl com- 
pounds such as Na^S, NaSH, and Ucysteine, and by reduced glutathi- 
one (3). It IS quite unstable in an acid medium (pH 3.0). Trvnsin 
digests catalase rapidly. 

A^er and Theorell (4) made the important observation that the 
hemin iron in horse liver and blood catalase is dissociably combined 
wift a hydroxyl group which is necessary for catalase activity The 
hydroxyl ^oup can be displaced by anions with a resultant reduction 
in the activity of the catalase and a corresponding change in the 
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siicctiuin of the enzyme. The hydroxyl group is apparently 
])arlicularlv suseeptible of replaeement by formate ions. The in- 
hibitory etleet of formations is 800 times stronger than that of acetate. 
The ditferenee in the licat of ionization of the iron hydroxyl and iron 
formate compounds in catalase is about 12,400 caloiies'. 

Catalase resembles acid methemoglobin in its color, its absorption 
‘spectrum and its jiropertv of combining reversibly into well-defined 

,.,„„|,ou,vls wUI. IICX. ICS, HN„ IIF, XllalH, and NO. Hon- 

ever, it differs from methemoglobin in three important ways, (n) the 
color and absoriitimi siiectrum of its derivative with azide (NalSE,) 
(b) the reaction with hydrogen jieroxide is a violent one, during which 
no spectroscopic changes can be observe.!; (e) the stability of its 
trivalent iron, which is not re.hice.l even by Na.,8,0.,. In this last 
proi.ertv. catalase is (piite .lifferent from other hematm .lerivatives (oE 
Catalase combines reversibly with azide. lake that of fre.: catalase, 
the hematin ir.m of azi.le catalase is trivalent. One molecule of azide 
combines with one aloiii of the catalase hematm iron. Ihe azide 
catalase compound resembles free catalase m color, absorption spec- 
trum, magnetic sus.'ciil ibility, and re.sistance to re.lucmg agents 
(Na..S.T),l- On ad.lilion of hydrogen peroxide to azide catalase, 
the color of the derivative turns from greenish brown to red, 
absorption band in the red is replace.l by two ban.ls at 587 and oo9 
Keilin and llartree (5) give a series of experimental facts sdioning 
tliat the peroxide-treate.l azide catalase contains iron m the divalent 
state 'Phev conclude that the close relationship between the piop- 
cH es of azide catalase and the free catalase in.lieates that the catalyt^ 

naluction and oxidation of its mm. In harmony Mth then no k, 
K.dlin and llartree pimpo.sed th(« two following tentative equation, 
for the dec.oiniiosifion of hydrogen iieroxide by catalase. 

.-.-1 1 1 -r I oTT r\ /lTrrkH-+ 4- 4T4+ 4- 2O2 (1) 


4I?j,+a4 211 2 O 2 == 4Fo^^ + IH'* + 2 O 2 

4jrp H -}- O 2 + 4IT ' = 4Fe^ ^ + -H 2 TT 2 O 
— 21l2()a = 21l2()z + tiz 


( 2 ) 


Kinetics Catalase is one of the most powerful enzymes. One 
Kinetics. on V in" molecules of hydrogen peroxide pel 

t..,- an,, n.y,.ln...y.- aa.alaan 

;:'C 7 0. E^„or „n,r.Tn.cp„.on ,«) .h- act.v.ty 

of a catalase, preparation as follows: 

reaction co nstant k 

“ grams ofenzyme in 50 cc. 
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“ Cat. f.” indicates “ Katalasc Fiihigkeit " or catalase activity (0.005 to 
0.015 M H 2 O 2 , 0° ikr/150 pliosj)hate buffer of 6.8) ; k i.s the constant 
of the monomolccular reaction and a measure of the relative concen- 
tration of the enzyme in the reaction mi.xturc. Catala.se action fol- 
lows nearly a monomolecular reaction course. This is true, however, 
only for short reaction times, because some of the enzyme is gradually 
destroyed by the hydrogen peroxide. Sizer (7) studied the effect of 
temperature on crystalline catalase over the range from 2^ to 68^ C. 
Below 53° the catalase action increased with temi)erature, in accord- 
ance with the Arrhenius equation, the activation energy being 4200 
calories per mole; the entropy of activation was —23 calories jx-r 
degree per mole. Above the optimum temperature (53° CM, catalase 
action decreased in rate with the temperature, owing to increase in 
enzyme destruction with temperature. Similarities were found between 
the kinetics of catalase, peroxidase, and hemoglobin. 

Function. Keilin and Hartree (8) have published a highly inter- 
esting study concerning the interaction of catalase with oxidases, 
which catalyze oxidation by molecular oxygen by reducing c>xygen 
to hydrogen peroxide. Such enzymes are xanthine oxidase, uricase, 
tyraminase, d-amino acid oxidase, glucose oxidase (notatin of Peni- 
cillium notatum) , and others. The total oxygen uptake of such sys- 
tems should be double the quantity calculated for the substrate, but, 
m the presence of a small quantity of catalase, the uptake is' only 
the theoretical amount, because the hydrogen peroxide is decom- 
posed and oxygen is formed. When ethyl alcohol is added to such 
catalase-containing oxidizing systems, the oxygen uptake is doubled 
because the hydrogen peroxide that is formed in the primary reaction 
IS used m the secondary reaction for the coupled oxidation of ethvl 
alcohol. The ethyl alcohol is oxidized by the catalase. Purified 
catalase also catalyzes the oxidation of methyl alcohol ethylene 
glycol and ^-aminoethyl alcohol, and it slowly catalyzes propyl 
alcohol and isobutyl alcohol. With xanthine oxidase and aldehyde 
purified catalase catalyzes the cyclic oxidation of ethyl alcohol and 
acetic acid, whmh progresses until all the alcohol is oxidized. In the 
oxidation of ethyl alcohol by catalase, the hydrogen peroxide of the 
primary reaction can be replaced by barium peroxide or cerium 

peroxide with proper care. The hydrogen peroxide of the priZy 
reaction, however, is the best mechanism. ^ ^ 

The authors conclude that the biological function of catalase is the 
catalysis of coupled oxidation by means of hydrogen peroxide produced 
in primary oxidations. The concentration of catalase in livpi- +• 
is about 1000 times higher than that necessary'J^tt “eelpoSS 
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Ml hydrogen peroxuie and of about the same order as is necessary 
lor the catalysis (d' coupled oxidation. This shows why crude enzyme 
inci)arations containing traces of catalase give theoretical oxygen 
ui)takcs with their sulistrate and yet cannot catalyze the coupled 
,,xidation of ethyl alcohol. Only a few compounds have been found 
to take iiart in this tyjK- of coupled oxidation. It strongly suggests, 
however, that other Ihologically important substances may also undergo 

In rn'o uxitiutioiis of ii nutuic. 


Preparation of Crystalline Beef Liver 

Catalase (4, 9) 

Beef liver is ground 5 to 10 times, and 300-gram portions arc mixed 
with 400-cc. i.ortions of 35 per cent dioxane. After being P^tTacted 
for 1 hour at room temperature, the mixture is filtered throiigh fluted 
filp.rs (Schleicher and S.hiill, No. 595) in an icechest. The next 
.lav 20 cc. of ilioxanc is adde<l per 100 cc. of filtrate. The preparation 

is pla.-cd in the icechesf for 12 hours. The mixture - - 

before, ami 10.2 cc. of dioxane is added per 100 cc. of filtrate. The 

solution is stirrcil and placed in the icechest for another 
The precipitated catalase is filtercl. The moist precipitate is collected 
with a spatula and mixed with enough water to form a cream. A little 
saliva is a.l.h'd to .ligest the glycogen present .^|turated 

1',!,; H in ll„. Tl,c .-nlnlns.. will .np.nratn ,n the fnrm 

„t ,ilky rrvsl!il». Tlusn may Iw ohlaiiu-il l>y icmoving first amoi- 

;;L:l i„:„uri.i,.» si.,.,-,. ,.,.nt,ifngali..n. .an.l the eryslals on eontrr- 

''■R:;Cli”a;:r'"Thnrys.^ ..ro .llssolve.1 in small amounts of 
water an.l a litlle 9.0 l>er eent neutral plmsphate (3 rc. tor crys as 

from .r. poumls ..f liver). The the 

tilo Hiiix^rnutant fltii<l, about 6 cc, of satuiaicd KII 2 P 4r 

volume of ..eutral is a.Ided. N..w 

e,mnng. -ry-lal.; ..f .'alalase for,,,. Crystalline eatalase may also be 

orenared from beef erythrocytes (10). 

The Alleged Reversible Hydrolyeis of Liver Catalase. Ag 

on trirnISu’m ph.lsphate, elution with seeonilary sodium 

and dialysis. This final eatalase preparatinn was hydrolysed mt _ 

“"mponents by allowing it to dialyse against hydroehlorie acid. One 
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component dialyzes through cellophane and is colored (hemin) , whereas 
the other one, within the dialyzing bag, is colorless and is a protein. 
By themselves, the two components are inactive. If brought together, 
however, they very rapidly decompose hydrogen peroxide. The hydrol- 
ysis of the catalase was carried out similarly to the hydrolysis of the 
oxidation ferment by Theorell. Tauber and Kleiner (12) were not 
able to confirm the results of Agner, using the catalase of beef, rabbit, 
and rat liver, respectively. 

Estimation of Activity. Catalase activity may be determined by 
measuring the formation of oxygen gas by volume, by titrating the 
undecoraposed hydrogen peroxide with potassium permanganate, or 
iodometrically, or by using the polarograph (13). 


PEROXIDASES 


These hematin-containing enzymes occur mostly in the roots and 
sprouts of higher plants. The best source is horseradish and the 
sap of the fig tree (14). It is not certain whether animal tissues con- 
tain peroxidase. Tests for this enzyme are also given by cytochromes, 
hemoglobin, and other tissue constituents. Bancroft and Elliott (15)' 
however, reported that the spleen and lung are good sources of per- 
oxidase. The peroxidase of milk has been extensively investigated. 
This enzyme oxidizes persulfate, but plant peroxidase does not (16). 
Peroxidase is seldom found in lower forms of life. However, Aceto- 

hacter peroxidans contains peroxidase but does not contain catalase 
It never forms free hydrogen peroxide (17). 

Peroxidase, in the presence of hydrogen peroxide, oxidizes many 
aromatic amines and phenols. It sets free iodine from iodides, and it 
oxidizes such thiols as 2-thiouracil, 2,6-dithiouracil, glutathione, and 
cysteine (18). Sumner and Nymon (19) found that peroxidase oxi- 
dizes bllirubm to biliverdin if the pH is within a narrow zone around 
pn 7.4. 


Substrates and Estimation. Pyrogallol is oxidized to purpurogallin 
benzidine to p-qumone di-imide, o-phenylene diamine to phenLine’ 
leucomalachite green to malachite green, tyrosine to a yellow solution’ 
adrenaline to a red solution, o-cresol to a green solution, p-cresol to a 

“qufnonTlSr T ^ ^ and catechol to 

0 quinone (20) . Some of these substrates are being used foT- 

rai^'m P^oxidase, Willstiitter and associates 

1 ieiS tte etSer PS’™*®"'’! colorimetrically 

y ch the oxidation of leucomalachite green is followed, is very 



THE IROX-PORPHYRIN ENZYMES 


I'.M 

convenient for jilant peroxidase estimation (21); the microgasometric 
poK-eduie nuiv also be used t22). Sumner and Gjcssing (23) have 
puldished a modification of Willsthtter's method using a small volume 
of reaction mixture containing phosphate butler and a relatively high 
concentration of hydrogen jieroxide. After the addition of sulfuric 
acid to stop enzyme action, the purpurogallin formed is extracted with 
ether the solution is filtered, and the ethereal solution is read in an 
elcctrophotometer. Peroxi.iase action is proportional to the amount 
,,f enzyme use.l iirovided that an excess of substrate is present and 
that the hydrogen peroxide concentration is low. 


CuYSTAI.T.lNE IIORSKKAUISH PkROXIDASE 

Willstiitter and Stoll (24) prepared peroxidase from horseradish 
ami other plants that had considerable activity. Elliott (22) obtainec 
a very active peroxidase free from catalase by fractional precipi a ion 
,,.U. ..n.oonium sulfate from milk. Theorell (25) has 
isolating horseradish peroxi.iase in inire and crystalline state. In 
method, 2{)()-kilogram iiortions of horseradish were | 

with 200 liters of water, and strained through cloth. 1 le us i 

further extract.sl with water ami with the aid of an 
'Phe .dear extract was encent rate.l t.. a syru]! in vacuum at 20 U. 
d’hc syrup was subjcct.'.l to fracti.mul luecipitation with ammoniuni 

sulfab', dialysis, fracti.mal precipitati..n with 

dialysis f.ill.iwc.l by (dcctroph.uesis f.>r 9 da>s in the in --‘11 
ra't.is The iHT..xi.lase im.vcl only sh.wly t.iwar.ls (he aiio.le; 

;;;: movc.l Lt..r. a secml type peroxi.iase wa. 

U1(»VC(1 slowly towunls the cuMuxle, This eailuuU ^1 , 

,.,dled " type I” or “ para|)er..xi.lase,” separated 

(tninH|.iiri-nt miwduci.pic .ireillm) wi-rc irri'yi-lallK , ^ i, 

r,„„ or waUT ..nUl nouSy all o. /’J,; 1 ' ^ 

,,oroxida,c <li<l not oenur in A .i,;,, to tl.c 

. .rtwilty o, th’o parapcroxi.l„.o. In i, - 2^ 

ot ..ryatnllino pcroxida.o per 200 k.logrnlnx of l.....cia<ll.h 
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grams; in a second experiment, 130 kilograms yielded 0.5 gram of 
peroxidase. The hemin content was 1.48 per cent. Sedimentation 
tests in the ultracentrifuge and diffusion measurements showed perfect 
homogeneity. The molecular weight of this peroxidase was found to 
be 44,100. The two peroxidases have different absorption bands. 

Hydrolysis of Horseradish Peroxidase into Protein and Hemin. 

Theorell (26) was able to separate pure horseradish peroxidase (type 

II) reversibly into hematin and a colorless protein component by 

adding acetone and hydrochloric acid (1 volume of concentrated 

hydrochloric acid and 1000 volumes of acetone) at —15° C. to a cooled 

solution of peroxidase. The hematin dissolved in acetone as hemin, 

whereas the protein precipitated. After 10 minutes at —15° C., the 

hydrolysis of peroxidase was complete. The colorless precipitate was 

washed at — 15° C. with acidified acetone and then dissolved in 1 per 

cent sodium bicarbonate solution. In order to restore the activity, 

blood hematin in phosphate buffer of pH 7.0 was added to a portion 

of the enzyme protein solution. After 20 to 40 minutes, all the 

peroxidase activity and the typical absorption bands were regained. 

Theorell and associates (27) tested a series of iron porphyrins for 

their ability to replace hematin. Only deuterohemin and mesohemin 
showed some activity. 

Gjessing and Sumner (28) cleaved impure peroxidase preparations 
according to the method of Theorell and associates and tested the 
reactivation resulting from the addition to the protein component of 
Cu-, Co-, Mn-, and Ni-protoporphyrin, and also Fe-meso- and Fe- 
hematoporphyrin. The copper, cobalt, and nickel derivatives gave 
no activity. Manganese protoporphyrin showed 28.4 per cent activity. 
Some activity was shown by the ferrimesoporphyrin and by the ferri- 
protoporphyrin “ catalase.” Theorell later (29) repeated the man- 
ganese hemin experiment of Gjessing and Sumner and concluded that 
the manganese compound is entirely inactive with the peroxidase 

protein, and that only iron hemins formed active enzymes, as previouslv 
shown by him. ^ 


Kinetics of Horseradish Peroxidase. Horseradish peroxidase has 
an optimurn pH at 4.5 to 6.5 when guaiacol is the substrate! With 
o-cresol it is at 3.5 to 5.0, and with pyrogallol the optimum cannot 

polyphenol formed is autoxidizable (30) 
Elliott (22) showed that milk peroxidase is active over a wide range in 

the pH scale. In an alkaline medium, from pH 8 to nearly 10 the 

artmty decreases, but it recovers immediately on neutralization.’ At 

nH 4 2 ® destroyed. In acid medium, at 

pH 4.2 to 3.8, a precipitate is formed and a decrease in activity takes 
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place; between pH 3.6 and 3.2, the precipitate redissolves and the 
enzyme is completely inactivated. On adjustment to about pH 7.0 
and standing overnight, the peroxidase is wholly active again 

Schwimmer (31) observed that when a peroxidase solution was 
heated a precipitate formed. When it was separated, the precipitate 
and the supernatant fluid were inactive. Regeneration occurred when 
the two were combined. The regeneration reaction was complete in 
4 hours and was primarily a function of the heating rate. For further 
data concerning the kinetics of peroxidase action, see the study by 

^HiTeraction of Ascorbic Acid and Peroxidase (33). Undmly zed 

peroxidase preparations and peroxide oxidize ascorbic acid with gre 
rapidity; dialyzed solutions, however, do not act on the vitamin. In 
Z undlalyzed peroxidase solution, certain substances are presen 
which form quinones with peroxide peroxidase. The quinones oxidize 
The ascorbTc acid, and they are, in turn, reoxidized by peroxide perox- 
idase The oxidation of ascorbic acid and reduction of quinones pro- 
ceed until all the peroxide is reduced, resulting m the decomposition 
ofthe physiologically toxic peroxide. The oxidized ascorbic is readily 

reduced again by glutathione (34). 

Milk Peroxidase 

Theorell and Akeson (35) prepared a very active 
Z remove casein (Elliott). The filtrate was heated to 70 C. and 
toe Solution was Llysed and concentrated in vacuum, and Vs volume 
Id further impurities were separated 

Too hters of milk, or approximately 2 per ^ 

present in are brownish green in 

Ihfto^tmfemlrl'fd green in the fe.o ^-te resembling in tois respect 

the verdoperoxidase isolated by Agnei ( ). > 

peroxidase has different absorption bands. 

Verdoperoxidask 

it Tn“;ur:rb“hr::twi To^'-r enT . 
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in mycloic cells, amounting to about 1 per cent of the dry weight of 

the cells. The iron content of this peroxidase is 0.1 per cent. The 

enzyme is an iron porphyrin compound. It is assumed that the iron 

enters into the prosthetic group of the enzyme. Unlike the plant 

peroxidases, this enzyme cannot be separated into protein and hematin 

by acetone-hydrochloric acid. Its activity is only about 1/10 to 1/20 

that of the plant peroxidases. Verdoperoxidase is resistant to 0.1 N 

alkali, to 1 acetic acid, and to alcohol and formaldehyde. It is 

inactivated by 1 alkali and by 0.1 N hydrochloric acid. Like plant 

peroxidases, verdoperoxidase exhibits dihydroxymaleic acid oxidase 
activity under aerobic conditions. 


Dihydroxymaleic Acid Oxidase 

In 1938, Banga and associates (37, 38) found, in plants, a new 
enzyme, '' dihydroxymaleic acid oxidase,” which oxidizes dihydroxy- 
maleic acid to diketosuccinic acid. Theorell and Swedin (39) have 
shown that this enzyme is identical with peroxidase. In solution, 
dihydroxymaleic acid oxidizes spontaneously in the presence of air’ 
producing hydrogen peroxide. On the addition of peroxidase, further 
quantities of the substrate are oxidized. If catalase is added, peroxi- 
dase action does not occur, owing to the destruction of the hydrogen 
peroxide. When crystalline peroxidase is split into protein com- 
ponent and hemin, the dihydroxymaleic acid oxidase activity is de- 

r!«nn ; peroxidase is resynthesized, both activities 

rcd^ppcar ^ 


* 

Cytochromes- 

nn! MacMunn described several iron 
P phyrin pigments which he observed spectroscopically in various 

animal tissues. He named them “ myohematins ” and “ histo- 

hematins,” and stated that they have respiratory functions since the 

pigments in the reduced state showed typical absorption spectra that 

disappeared when the pigments became oxidized. MacMuL believed 

that his pi^ents had some interrelationship with hemoglobin Hoppe 

MacMunn’s finding, and showed, that 

important than was anticipated by MacMunn TTp 

these pigments are present in every order of ’ the f 

in the tissues of plants, and in the cells o, lower org““fh“S 
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bacteria and yeast. Keilin named these pigments cytochromes. There 
are three different cytochromes — “ a,” “ b,” and '“c.” These cyto- 
chromes are found together in the cells. By using a spectroscope, 
the three typical bands given by these cytochromes may be readily 
observed in a suspension of yeast cells. These are the bands o 
reduced cytochromes: “ a ” at 6000 to 6050 and 5200 A, “ b at 5640 
and 5300 A, and “ c ” at 5500 A. On passing air through the yeast 

suspension, the absorption bands disappear. x • i 

Theorell and Akeson (41) have extensively studied the chemical 

properties of cytochrome c. They found that it is an iron porphyrin 
protein, having a molecular weight of 13,000 and an iron content of 
0 43 per cent. The absorption spectrum of the fern form shovs fi 
different absorption lines. Ferricytochrome c does not combine int 
hydrogen cyanide unless its solution is more alkaline than pH 13. Iso 
does cytochrome c combine with carbon monoxide at pH 3 10 

Cytochrome c is a very stable compound ; it is resistant ^ 

0.1 M hydrochloric acid, and to 0.1 M sodium hydroxide. Between pH 
4 0 and 10, cytochrome is not oxidized by molecular oxygen. 

J^dily reduced by reducing agents, such as hydrosulfite, cysteine 
ascorbic acid, and adrenaline, and by a yellow enzyme, cy ochrome 
reductase (42). Reduced cytochrome c is oxidized by cytochron 
oxtdase by cytochrome peroxidase and hydrogen peroxide, or by leuco- 
flavin. ’ The oxidized form contains ferric iron, whereas the reduced 

form contains ferrous iron. . i. 

Theorell proposed the following structure for cytochrome c. 



T 4 . + +n pvtorhrome c, the other two cytochromes, a and b, are 

lawle compounds Yakushiji and Okunaki (43) claim to have iBolated 
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cytochrome a from heart muscle, and Yakushiji and Mori (44) reported 
the isolation of cytochrome b from bakers’ yeast. 


Preparation of Cytochrome c 

The following is a modification for the preparation of this protein 
from horse heart muscle (45) . By this procedure, a solution contain- 
ing 0.34 per cent iron may be obtained. When this preparation was 
compared with one containing 0.43 per cent iron, it showed the same 
catalytic activity per gram of iron. Both can be used equally well in 
enzyme experiments. 

A horse heart is cut open as soon as possible after collection from the 
slaughterhouse, and the blood is allowed to drain out. The muscle is 
freed from fat and ligaments and finely minced. To the minced tissue 
is added 0.145 N trichloroacetic acid at the rate of 1 liter per kilogram 
of tissue. The trichloroacetic acid is a 20 per cent solution and should 
be made up by titration with normal sodium hydroxide, phenolphtha- 
lein being used as the indicator. The acid mixture is allowed to stand 
for 4 hours. Then it is squeezed out in a press, and the cloudy extract 
is adjusted to pH 7.3 with 10 per cent sodium hydroxide. Ammonium 
sulfate is added at the rate of 500 grams per liter. When it is dis- 
solved, the mixture is filtered overnight through paper. To the filtrate, 
50 grams of ammonium sulfate is added per liter and the solution is 
left overnight at 0° to 5° C. If any precipitate forms, it is filtered off. 
The cytochrome in the cold filtrate is precipitated by the addition of a 
20 per cent trichloroacetic acid solution, using 20 cc. per liter of filtrate. 
Within a few minutes, the protein cytochrome precipitates and is col- 
lected by centrifugation. The red precipitate is suspended in about 
300 cc. of saturated ammonium sulfate and centrifuged again. It is 
now suspended in the minimum quantity -of distilled water and trans- 
ferred to a cellophane bag, in which it is dialyzed against 0.5 per cent 
sodium chloride until free from ammonium sulfate. The suspension is 
shaken with a few drops of chloroform, and the precipitate is filtered 
off; 30 to 40 cc. of a dark red solution of cytochrome-c is obtained, 
containing about 1 per cent protein. When saturated with chloroform 
and stored in a well-stoppered container at 5° C. this cytochrome c 
solution keeps indefinitely. See reference 45 for a simple method for 
the preparation of cytochrome c with an iron content of 0.43 per cent. 
However, the catalytic activity of the two proteins is exactly the same. 

Keilin and Hartree use the manometric method for the measurement 
of the catalytic potency of the two cytochromes. The tests are carried 
out at 39° C. and pH 7.3 on two enzyme systems obtained from a 
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kidney preparation containing cytochrome oxidase and succinic dehy- 
drogenase: 

1. Cytochrome oxidase -|- cytochrome c d- ascorbic acid. 

2. Cytochrome oxidase cytochrome c -f- succinic dehydrogenase 

-)- succinic acid. 

When the enzymes and the substrates are in excess, the oxygen 
uptakes of the systems serve as measures of the catalytic power of 

cytochrome c. 

Functions of the Cytochromes. Most of these iron porphyrin pro- 
teins do not autoxidize. They are oxidized by cytochrome oxidase. 
The reduced oxidase is then oxidized by molecular oxygen. Cyto- 
chrome oxidase performs the last function in the gradual oxidation 
(removal of hydrogen) of most foods. For instance, in the final reac- 
tions ferricytochrome c is reduced by the reduced form of the flavin 
enzyme, cytochrome reductase. Ferrocytochrome c is oxidized by the 
ferri form of cytochrome oxidase. The resultant ferrocytochrome oxi- 
dase is oxidized by molecular oxygon. A large number of oxidases 
require the cytochrome systems for their action. Some of those are. 
pyruvate oxidase, succinic acid oxidase, choline oxidase, a-hydroxy 
acid oxidase, and glycerol oxidase. Bach, Dixon, and Zerfas (46) have 
shown that a new hemochromogen protein, cytochrome bo, is an essen- 
tial part of the yeast lactic dehydrogenase system. Floivever, in cer- 
tain cells that do not contain cytochrome, oxidases function without 

cytochromes (47). 

Cytochrome Oxidase (Indopiienol Oxidase) 

This enzyme (48, 49) is present in all kinds of cells. It acts only 
on phenols and amines indirectly, by first oxi.lizing ^tochrome c. 
The cytochrome c oxidizes the compounds just mentioned. Cyto- 
chrome oxidase oxidizes only cytochromes, and only m the presence o 
gaseous oxygen. Haas (50) has been able to obtain cell-free solutions 
of cytochrome oxidase. His method involved prolonged grinding 
autolvsis and ultrasonic radiation. The cytochrome oxidase of Haas 

“wo on.y,„o,. Component I Io«os m pov eent of pn oncy 

in 15 minutes at 50° C.; component II may be kept ^ ™ 
boiling water without loss of potency (51) . Component II m ammo- 
nium buffer of pH 9.0 loses 40 iier cent of its 

unel,an,cd for week. Both cn.y.nce are 
with the oxidation of cytochrome c. On the basis of these icsults, 
Haas concludes that cytochrome oxidase and Warburg s oxygen-trans- 
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f erring enzyme are separate enzyme systems. Cytochromes have an 
important function in biological oxidations. Haas (52) has shown that 
cytochrome c in yeast could account for all the oxygen consumption of 
the yeast cell. It is not known, however, how the other cytochromes 
interact in the various phases of biological oxidation-reduction 
reactions. 

Cytochrome c Peroxidase 

This is also a hemin-protein enzyme. It is a constituent of brewers’ 
and bakers’ yeast. Cytochrome c peroxidase oxidizes reduced cyto- 
chrome c to oxidized cytochrome c in the presence of hydrogen 
peroxide : 

2 Cytochrome c— Fe''^ -f- H 2 O 2 + 2 H+ 

= 2 cytochrome c — -f H 2 O 

In the presence of catalase, this enzyme is inactive. The absorption 
spectrum of cytochrome peroxidase consists of an intense band at 
4100 A and two shallow bands at 5000 and 6200 A. The enzyme has a 
molecular weight of 60,000 (53) . 

r 
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CHAPTER IX 

OXIDASES CONTAINING COPPER 

ASCORBIC ACID OXIDASE 

An enzyme free of phenolase and peroxidase action, and specific 
for the direct oxidation of ascorbic acid, was first described by Tauber 
and Kleiner (1, 2) in 1935. They found this enzyme in squash and 
named it ascorbic acid oxidase. The findings of Tauber and Kleiner 
have been verified by numerous investigators (3-10). Although 
ascorbic acid oxidase has been reported to be present in many plants 
(4), squash became the favorite starting material for many important 
investigations concerning this enzyme. 

Ascorbic acid may be oxidized by three different enzymic reac- 
tions. An example for the first group is the specific enzyme ascorbic 
acid oxidase of squash, cucumber, drumstick tree, etc. In the second 
group belong phenolases, which oxidize phenols (present in the plant 
juices). The oxidized phenols, in turn, then oxidize ascorbic acid 
(11, 12). The third group is represented by peroxidases. These 
enzymes oxidize ascorbic acid only in the presence of quinone-forming 
compounds (mostly present in plants) and hydrogen peroxide (13). 
The quinones are reduced by the ascorbic acid, and they are reoxidized 
by peroxide peroxidase. A very small quantity of quinone suffices 
for this catalysis. The oxidation of ascorbic acid and reduction of 
quinones continue until all the ascorbic acid is oxidized or all the 
hydrogen peroxide is reduced, resulting in the destruction of the physio- 
logically toxic peroxide. 

Ascorbic acid oxidase is not present in various animal tissues, in 
cows’ milk, or in yeast ( 14, 15) . 


Function 


AND PrOPEHTIES 


Ascorbic acid oxidase (1, 2) of squash (any type) and certain 
other plants oxidizes ascorbic acid very rapidly and completely 
without the intermediary action of another substance. Oxygen is 
required for the reaction. After ascorbic acid has been oxidized by 
the oxidase, it may be reduced by hydrogen sulfide. When the hydro- 
gen sulfide is removed by nitrogen, its original reducing power is 
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regained. This enzyme is quite sensitive to potassium cyanide. In 
contrast to a dialyzed cabbage leaf extract (16), which also oxidizes 
ascorbic acid, squash preparations do not give color reactions uith 
tvrosinc, benzidine, guaicol, pyrogallol, catechol, phloroglucmol, resor- 
cinol, and vanillin (2). Nor does the ascorbic acid oxidase affect 
Glutathione, cvstcine, or adrenaline (2). Ascorbic acid oxidase oxi 
dizes ascorbic acid by introducing two hydroxyl groups at the double 
iiond. The liberated hydrogen combines with atmospheric oxygen. 


CO 


H 

HO 


C 

4 

-i 

1 


OH 

OH 


CO 


6 


HO— C— OH 
HO— C— OH 
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2HO— H 


+ 
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Ascorbic acid oxidase 


H— C- 

■ 

1 

+ He. 

HO— C- 

j 

-H 

HO— C- 

-H., 

Oxidized form of ascorbic acid 


HO— C— H 2 

Reduced form of ascorbic acid 

Lampitt and Clayson (17) reported that a solution containing cal- 
cium Ihcarbonate, an alkali phosphate, and a trace of ionized coppci 

behaves as a synthetic ascorbic acid oxidase, and the catalytic action 

1 i.* +. r.RO p Hn., (POi)o eel containing 

/li cn nrif’fi on licating to oo G** V 4 — o 

can be brought into solution by passing in carbon dioxide and can be 
reprccipitated by removing the carbon dioxide with heat or ^ ^ ' 

hiicp did not behave in this manner, and it is postulated that 
rif ic "iV -^bbaBc iuicc .,,>..1 have a - .cgulatovy 

..n aarorl.ic ac.,1 oxulal.. n. 11 k>c 

the real aonreea of ^ y,; ,;„thetic oxulaac. They 

::;::i:,e1„art!:"c’v“c:ce in>„p,L.t t,. e„.y,mc nature of the 
a»,-orl.ie aei.l oxhlaao “ y„.„o years earlier that, 

■ he a™le !xh“^^ wl- eatalysed 

“i e^vm?; wtt t not timt of the copper protein ensymo. 

Nature of the Oxidase and the Function of Copper. In 

Chemica «r.infoM renurted an approximate paral- 

1940, Knmnsnrma und associates (2U) rcpuiiui i i 
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lelism between ascorbic acid oxidase activity and copper content, in 
the course of a series of purifications of the oxidase, using extracts of 
drumstick and cucumber as their source material. Their prepara- 
tions contained less than 0.03 per cent copper and were not very active. 
In the same year, Stotz (7) and Lovett-Janison and Nelson (8) 
obtained preparations containing 0.25 to 0.15 per cent copper from 
cucumber and squash respectively. The preparation of Lovett-Jani- 
son and Nelson was four times more active than that of Stotz. The 
high copper content in the preparation obtained by Stotz would indi- 
cate that the cucumber enzyme either contained much non-enzyme 
copper or inactivated copper, or that the cucumber enzyme is different 
from the squash enzyme. The preparation which Lovett-Janison and 
Nelson obtained after extensive purification showed that its enzyme 
activity became proportional to the copper content. Further puri- 
fication steps did not change this ratio. Their most active prepara- 
tion contained 0.15 per cent copper. It was free of peroxidase and 
phenolase activity. These findings have definitely proved that ascor- 
bic acid oxidase is a specific copper protein enzyme. Lovett-Janison 
and Nelson’s preparation oxidized ascorbic acid over 1000 times faster 
than an equivalent quantify of ionic copper. 

Powers, Lewis, and Dawson (10), using a modification of the method 
of Lovett-Janison and Nelson (8), obtained from squash an ascorbic 
acid oxidase preparation containing 0.24 per cent copper. It had an 
activity one and a half times greater than that of the preparation of 
Lovett-Janison and Nelson, but the activity per microgram of copper 
was the same. The preparation of Powers and associates rapidly 
lost its activity when diluted. However, added inert proteins sta- 
bilized the enzyme considerably. In concentrated solution, this highly 
ptirified enzyme is blue. From concentrated solutions, when dialyzed 
until free of salts, the enzyme precipitates in the form of an amorphous 
green-blue protein. This protein rapidly dissolves in 0.1 M secondary 
sodium phosphate, and the solution is stable for many months provided 

that it is kept in a refrigerator and that the protein concentration is 
more than 0.1 per cent. 

Kinetics. The optimum pH of the squash enzyme is at 5 56 to 

5.93 with 0.15 M phosphate-citrate buffer, and at 5.38 to 5 57 with 

sodium acetate buffer (2) . The drumstick oxidase has an optimum 

pH at 4.6 to 5.6 in phosphate-citrate buffer, and 5.3 to 5.6 in phosphate 

buffer (3) . Auto-oxidation of ascorbic acid in acetate buffer is con- 
siderable; in citrate buffer it is negligible (17). 

Constant quantity of squash enzyme produces a constant amount of 
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oxidation within the range of 1 to 5 milligrams of ascorbic acid (2) . 
The rate of change is proportional to the amount of enzyme used in 
experiments with phosphate-citrate buffer (duration of experiments 5 
minutes). The kinetics of squash ascorbic acid oxidase shows that 

a single enzyme is involved (2, 10). _ 

Purification. The method of Poivers and associates (10) appeals 

to yield the most active and purest preparation of summer-squash 

enzyme. The procedure is too lengthy to be described here in detai . 

The main stages of preparation are: removal of the juice from the pen- 

carp (edible portion) of the squash, with the aid of a hydiaulic 

press- adjustment of the pH to 7.6 with sodium borate; clarification 

with barium acetate to remove extraneous proteins ; fractionation by 

ammonium sulfate and by magnesium sulfate; adsorption of impuri- 

tiTon alumina ; fractionation by lead subacetate and cold acetone , 

finally, adsorption on alumina, and dialysis. 

TaLkoro and Takasugi (21) claim that they have ^^^n able to 

obtain ascorbic acid oxidase in crystalline state from pumpkin juice. 
They state that the crystals were highly active and had propertms 

lim by sXg /at the method of preparation e-P Wed 

been obtained, and that the identity of the crystals w.th the 

uSngVuaah 

In this procedure, the total ^ aliquot is titrated 

sodium 2 , 6 -dichlorobenaenone >ndoi*enoL ^ sec™'* ^ 

first. Ronnerstrand (2 ) stated 

ftat isomers of ascorbic acid are also oxklised 

However, those compoun s ° ^ 2 , 6 -dichlorobenzenone 

removal of reducing subs an Kleiner. Ronnerstrand 

i”‘'°?thrJ teinterierenc'T by most reducing substances may be elim- 
inated by using metaphosphoric acid f°^^ conducting 

rapid titrations. A respmometer may also be employea 
the action of ascorbic acid oxidase. 
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TYROSINASE (MONOPHENOL OXIDASE, POLYPHENOL 

OXIDASE, CATECHOLASE, CRESOLASE) 


Tyrosinase was discovered by Bourquclot and Bertrand in the 
fungus Russula nigricans. Bertrand (25) found that this enzyme 
oxidizes tyrosine to a black pigment (melanin), and that peroxidase 
and laccase are not able to do this. The enz 3 rme is very abundant 
in plants and vegetables, occurring together with tyrosine. This is 
the reason for the darkening of the cut surface of many plants. Tyro- 
sinase may be prepared from potato peelings, wheat bran, the meal- 
worm [Tenebrio molitor), and various mushrooms. It is also present 
in tissues of invertebrates. 

Specificity. The earlier view was that tyrosinase deaminizes tyro- 
sine. Raper and Wormal (26), however, have shown that tyrosinase 
does not liberate ammonia from tyrosine and that the black pigment 
melanin contains more nitrogen than tyrosine. Happold and Raper 
(26) and Szent-Gyorgyi (26) found independently that o-quinones 
are produced by the action of tyrosinase upon phenol, ??i-crcsol, /j-cresol, 
catechol, and homocatechol. o-Quinones, however, are not the final 
products. Tyrosinase is not a very specific enzyme. It also acts on 
adrenaline, pyrogallol, and dopa (3,4-dihydroxyphenylalanine), but 
not on guaiacol, o-cresol, p-phenylenediamine, hydroquinone, or on 
ascorbic acid. Dalton and Nelson (27) reported that purified as 
well as crystallized tyrosinase obtained from the edible mushroom 
PsalUota campestris oxidizes p-cresol 10 times faster than catechol. 
Tyrosinase requires gaseous oxygen. Hydrogen peroxide is not pro- 

A A ^ * 


Preparation. Mallette (29) has carried out important investiga- 
tions on the purification and the unimolecular nature of P. campestris 
tyrosinase. His work is too extensive to be given here in detail His 
conclusion is that, after correlating the activity, copper, and homo- 
pneity data, it was possible to explain all the known properties of 

in terms of a single copper-protein entity. His work showed 
that different types of tyrosinase arise as the result of fragmentation 
of the protein molecule during the preparative procedures. He gives 
detailed methods for the preparation of purified, highly active cate 
cholase and ^high-cresolase-type tyrosinase preparations. In view of 
this, the Columbia University workers (30) name tyrosine prepara 
ions obtained from PsalUota and having much more activity wl 
c^echol than towards cresol » catechblase,” and those with a higher 

mefon i. linear, these investigate, use th^inSal leaeUon 
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locity as the basis for the estimation of enzyme activity. Tlieir 
paper contains a discussion of methods in use for the estimation of 

tyrosinase. . 

Chemical Nature. Kubowitz (31) prepared tyrosinase from potato 

peelings by extraction with water, fractionation with acetone and 
ammonium sulfate, purification with silver acetate and aluminium 
hydroxide, and dialysis. The final purified tyrosinase contained 0.19 
to 0.20 per cent copper and 14.4 per cent nitrogen. The enzjnne 
solutions were yellow but showed no specific absorption bands. Ihe 
copper of the enzyme was removed by dialysis of the solution contain- 
ing some added potassium cyanide. Upon addition of copper sa s, 

the enzyme became active again. 

Dalton and Nelson (32) obtained the tyrosinase of Lactanus piper- 
atus in crystalline form. Their method consists of fractionation with 
ammonium sulfate and acetone, purification with aluminum oxide and 
charcoal and a final fractionation with ammonium sulfate, ihe pie- 
"was dissolved in water and adjusted to pH 5 a'" 

On standing in the cold, the tyrosinase crystallized in the foim of 
hexahydric plates. These crystals contained 0.25 per cent copper 
and 13.6 per cent nitrogen. The activity of these crystals was much 

less than that of some non-crystalline material. 


LACCASE 

This oxidase is present in the latex of such trees as the Japanese 

lacquer tree {Rhus vernicifera) and an Indo-Chinese lacquei 

ECsucccdLa) , and in some fungi (33) . Laccase - - 3 po-.ble 
for the darkening of the latex. The phenols present in the latex and 
giving the reaction are the pyrocatehol derivatives lacol and urushio 
^34) Laccase oxidises a great variety of ortho- and P“aph ' . 
diamines, and amino phenols in the presence of oxygen It does 
oxidize monophenols, such as p-cresol, nor does it act on 
Silin and Mann (36) differentiate in the following ^‘7“ 

laccase of Rhm succedanea and the polyphenol oxidase of cultivat 

mushrooms {Psaliota campestris ) : ^ 

’’’’s^Laceatrwhen pure! does not aeron p-cresol; polyphenol oxidase 

Lafca^se.'^in co^rast to polyphenol oxidase, Is not poisoned by 
carbon monoxide. 
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Like polyphenol oxidase, laccase is also a copper-protein enzyme. 
Laccase is strongly inhibited by potassium cyanide, hydrogen sulfide, 
sodium azide, and diethyl dithiocarbamate. Laccase preparations 
contain a substance which inhibits the oxidation of p-cresol by crude 
extracts of potatoes and mushrooms. Boiled laccase, however, does 
not show this inhibition (36) . 

The most active laccase preparations, which Keilin and Mann (36) 
obtained from the latex of Rhus succedanea, contained 0.24 per cent 
copper and no iron and manganese. Bertrand (37), however, claims 
that he has now obtained preparations from the same source having 
higher activity. Examination of the absorption spectrum showed 
that the enzyme is not necessarily a protein. This, of course, is not 
in harmony with our present conception concerning the chemical nature 
of enzymes. Spectroscopic studies showed that manganese is present, 
whereas only 0.04 per cent copper could be detected, and this amount 
might have been introduced by the reagents used. Bertrand’s prepara- 
tions were free of blue color. 

Laccase, like tyrosinase and peroxidase, forms purpurogallin from 
pj'Togallol. This reaction is also employed for the estimation of 
laccase. 
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CHAPTER X 


DEHYDROGENASES CONTAINING 
CODEHYDROGENASE I AND II 


It has been stated in the above classification of the oxidizing enzymes 
that the dehydrogenases remove two hydrogens from their substrates, 
and that they have been divided into groups, depending on the type of 
hydrogen acceptor through which they react with molecular oxygen. 
In the following, the dehydrogenases will be reviewed in such separate 
groups. The function of the dehydrogenases containing codehydro- 
genase I and II is the catalysis of the transfer of protons and electrons 
to the pyridine nucleotides, which thereby become reduced. Normally, 
the reduced nucleotides are reoxidized by molecular oxygen through 
the mediation of flavoproteins and cytochromes. The reduced nucleo- 
tides may also be reoxidized by dyes having a higher oxidation-reduc- 
tion potential: methylene blue, pyocyanine, dichlorophenolindophenol, 
ferricyanide, and others. Before reviewing the dehydrogenases, a 
few words concerning the codehydrogenases should be of interest. 


Codehydrogenase I and II 

Codehydrogenase I (Coenzyme I, Cozymase, Diphosphopyridine 

Nucleotide). Cozymase, the “ coenzyme of alcoholic fermentation, ” 

was discovered by Harden and Young in 1905. Shortly after Warburg 

and associates had shown that their second coenzyme, now called 

codehydrogenase II, is a triphosphopyridine nucleotide, it was found 

in collaborative investigations by Warburg and Christian, and by 

Euler, Albers, and Schlenk, that nicotinic acid amide is also a part of 

cozymase. Euler and Schlenk ( 1 ) proposed that cozymase is identical 
with diphosphopyridine nucleotide: 
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Both coenzymcs contain one iTiolcculc of adenine, one molecule of 
nicotinic acid amide, and two molecules of d-ribose. In addition, 
codehydrogenase I contains two molecules of orthophosphoric acid, 
whereas codehydrogenase II contains three molecules of orthophos- 

phoric acid. 

Codehydrogenase II. This coenzyme was discovered by Warburg 
and Christian in 1932 (2). It is a triphosphopyridine nucleotide. 
Schlenk (3) suggested that, in codehydrogenase II, the third orthophos- 
phoric acid molecule is attached to one of the two pentose molecules 
(formula 1) , this being the only difference between the two coenzymes. 

Another alternative would be the pyrophosphoric acid linkage (formula 
2) so often encountered in nature. However, this could not be proved 

by experimental means. 



OH 



+ 


T> 


Nicotinamide — pentose 1 



O — P — pentose — adenine 
O PO 3 H 2 


O OH OH 

( 2 ) Nicottoamide-pentose-P-O-P-O-P-pentose-adenine 

000 

In both codehydrogenase I and codehydrogenase II, it is the pyridine 
rins that is concerned with hydrogen transfer, undergomg reversible 
oxidation-reduction involving two electrons and one proton (one proton 

is transferred to the medium) : 
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CONH2 


-Hi 


HC CH 

O OR' 

1 \ / 

R— O— P=0 
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HC C 


CONH2 
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NH 
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CH2 


O OR' 
O— p=o 


RovorBible reduction of the nicotinamide nucleotides 

Properties of Codehydrogenase I and Codehydrogenase II. 
Codehydrogenase I is found in small amounts in almost all cells, yeast 
"S source. Codehydrogenase 11 is also widely found in 
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nature, but in much smaller concentrations. Warburg and Christian. 
(4) used horse erythrocytes for the preparation of codeliydrogenase II. 
A method for the preparation of pure codehydrogenase I (cozymase) 
from yeast has been published by Jandorf (5) . (See chapter on yeast.) 

Yeast phosphatases rapidly destroy this coenzyme. It is for this 
reason that during the first phase of cozymase preparation the temper- 
ature is maintained at 80° to 85° C. The same type of codehydro- 
genase destruction has been noticed by several authors, using minced 
tissues. 

Codehydrogenase I has a molecular weight of 663 and an absorption 
band at 260 /a. Codehydrogenase II has a molecular weight of 743 and 
the same absorption band as codehydrogenase I. Very dilute solutions 
of the coenzymes do not keep well. However, solutions containing 2 
to 20 milligrams per cubic centimeter will remain unchanged for some 
time if they are kept in a refrigerator (6). 


Alcohol Dehydrogenase of Plants 

This enzyme is found in yeast, molds, bacteria, and in some higher 
plants. It oxidizes ethyl alcohol reversibly to acetaldehyde. The two 
hydrogens of the alcohol are taken up by codehydrogenase I as follows: 

CH3CH2OH -(- codehydrogenase I 

CH3CHO -f reduced codehydrogenase I 

Various types of alcohols are oxidized by this enzyme (7, 8). This 
dehydrogenase is very considerably inhibited by ilf/3000 iodoacetic 
acid, indicating that it contains a necessary sufhydryl group (9) 

Negelein and Wulff (10) obtained this alcohol dehydrogenase in crys- 
talline form using Lebedew juice of brewers’ yeast as the starting 

« 

Alcohol Dehydrogenase of Animals 

Batteh and Stern (11) were the first to study the oxidation of alcohol 
by animal tissues. They found that liver and kidneys were the only 

uTr I Id r dehydrogenase converts ethyl alcohol 

into acetaldehyde, and isopropyl alcohol into acetone. All primary 

alcohols are converted to aldehydes, and secondary alcohols to the cor- 
responding ketones (12, 13) : j tu uie cor- 


Ri 


RCH2OH ^ ECHO; 
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Ri 


R 




CHOH 


\ 


R2 




CO 
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Lactic Dehydrogenases of Animals 

A specific lactic enzyme dehydrogenase is present in a great many 
tissues. It is not identical ^vith the lactic dehydrogenase of plants 
(bacteria and yeast). Lactic dehydrogenase oxidizes lactic acid to 

pyruvic acid: 

CH3CHOIICOOH + codehydrogenase I ^ 

CHsCOCOOIi + reduced codehydrogenase 1 

The reaction is reversed on the addition of pyruvic acid. Natural 
U4-) lactic acid is more rapidly dehydrogenated than the d(—) lactic 
acid (14). Straub (15) obtained beef heart lactic apodebydrogenase 
in crystalline form. He extracted the ground tissue with water and 
adsorlied the enzyme on tricalcium phosphate. Then, the enzyme was 
eluted with buffer of pH 7.2 and fractionated with acetone and ammo- 
nium sulfate The crvstals separated when the ammonium sulfate 
concentrati.)n reache.r 0.5 saturation. Straub’s apodehydrogenase 
required codchydrogenase I and navoprotcin for the dehydrogenation 
(,f lactic acid by the methylene blue method. He added cyanide in 01 dei 
to bind the end product of oxidation, pyruvic acid. The reduced co- 
enzyme is oxidized by flavoiirotcin, and the reduced flavoprotein is 
oxidized l)y methylene blue. Leucomcthylene blue, m turn, is oxidized 
by atmespherio oxygen. Mobicr and associates (16) have studied 
tte specificity of several ilchydrogcnasos toiv.ard p'"""' 

flund tliat crystalline lactic deliydrogennso reacts one lunidrcd times 

faster willi codcliydrogenase I than ivitli codehydrog^ase IM16 ■ 

The optimum pH of lactic dehydrogenase is at 9.0, whereas 

the yeast dehydrogenase is most active at pH 5.2 (171. Yeast lactic 

does not rerpiirc codcliydrogenase I. It -p-pts with 

'the ahscLc of flavoprotein (19). For a more detailed discussion of 
yeast lactic dehydrogenase, see Chapter XI. 

/-(Z-Hydroxy Acid Dehydrogenase (Animal) 

iRPlin and Zeller (20) , using crude extracts of vacuum-dried frozen 
rat kidney ^ founk that such preparations attacked a senes of 
higher hyioxy acids according to the following equation: 

RCH(OH)COOH -f O 2 - RCOCOOH -1- H 2 O 2 
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Higher members of the group, like Z-phenyl lactic acid, were much 
faster oxidized than /-lactic acid. This enzyme is claimed to be not 
identical with lactic dehydrogenase of heart muscle, since the kidney 
enzyme does not require codehydrogenase I and the heart dehydro- 
genase does not attack the higher hydroxy acids. This enzyme has 
been placed in this group on account of its similarity to the lactic 
dehydrogenase of animal tissues. 

V 

* 

Soluble a-Glycerophosphoric Dehydrogenase 

Animal tissues are claimed to contain two different a-glycerophos- 
phoric acid dehydrogenases (21, 22). The present enzyme, which is 
soluble, transfers hydrogen to codehydrogenase I. The other animal 
tissue dehydrogenase is insoluble and requires cytochrome c as the 
hydrogen carrier. The insoluble enzyme is described in the section 
dealing with cytochrome-linked dehydrogenases. Both dehydrogen- 
ases act on a-glycerophosphoric acid changing it to 3-phosphoglyceric 
aldehyde. The soluble enzyme predominates in animal tissues. This 
enzyme is not inhibited by cyanide or by iodoacetic acid. 

The soluble dehydrogenase may readily be prepared from any animal 
tissue except brain. The tissue is ground in a Latapie mill and 
extracted by further grinding with sand and 0.1 M Na2HP04. The 
filtrate of the mixture, containing some cell suspensions, is clarified by 
adjusting the pH to 5.5 with 0.5 M KH2PO4 and by centrifuging. The 
supernatant fluid contains, in addition to the soluble apo a-glycero- 
phosphoric dehydrogenase, apo lactic dehydrogenase and apo maleic 
dehydrogenase. Yeast and seeds of plants also contain an a-glycero- 
phosphoric dehydrogenase, but this enzyme has not yet been purified 
to any great extent. 


Isocitric Dehydrogenase and Carbon Dioxide Fixation 

Citric acid is oxidized by extracts of many plant and animal tissues 
(Thunberg, Battelli and Stern) , provided that methylene blue is pres- 
ent. However, this oxidation is not catalyzed by one single enzyme 
citric dehydrogenase. Martins (23, 24) has shown that citric acid is 
first dehydrated by a liver preparation to m-aconitic acid, which is 
hydrated to J-isocitric acid. Here, the equilibrium is far to 4e side of 
citric acid^ Both reactions are catalyzed by aconitase, a specific 
enzyine. The i-isocitric acid is then dehydrogenated to a-keto-fl-car- 
boxyglutaric (oxalosuccinic) acid. This reaction requires codehydro- 
genase II and manganese or magnesium ions (24) . The a-keto-/3-car- 
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boxyglutaric acid was supposed to change spontaneously at a rapid 
rate into a-ketoglutaric acid and carbon dioxide. Ochoa (25) has 
shown that a dialyzed extract of washed, acetone-dried pig heart was 
free of aconitase but contained two specific enzymes. One enzyme 

catalyzed the reaction 1 : 

( 1 ) COOH-CH.-CH-CHOHCOOH + codehydrogenase II ^ 

COOH 

Isocitric acid 

COOH-CH 2 -CH-COCOOH -f- reduced codehydrogenase II 

COOH 

OxaloBvicciiiic acid 


The second enzyme catalyzed reaction 2; 

(2) COOHCH 2 CHCOCOOH 4=^ COOHCH 2 CH 2 COCOOH + CO 2 


COOH 

OxaloBUCcinic acid 


a-KeiogUitaric acid 


The first reaction is catalyzed by isocitric dehydrogenase and takes 
place in the absence of Mn++. The second reaction is catalyzed by 
oxalosuccinic carboxylase, a new enzyme (27). Summation of the 
two activities result in reaction 3: 

(3) COOHCH 2 CHCHOHCOOH + codehydrogenase II 

COOH 

COOHCH 2 CH 2 COCOOH + CO 2 + reduced codehydrogenase II 

Reaction 1 is reversed on the addition of an excess of oxalosuccinic 
acid provided that Mn++ ions arc absent. In the presence of Mn , 
rcoxidation can be imluced by a-ketoglutaric acid and carbon dioxide 
(reaction 3). If codehydrogenase II is reduced with glucose-6-phos- 
phatc and glucose-6-phosphatc dehydrogenase, reoxidation is ^j’ought 
about by a-kctoglutaric acid and carbon dioxide only after the addition 
of the heart enzyme and in the presence of Mn++ 10 ns Thus, the 
experiments of Ochoa indicate that the equilibrium of reaction 3 can be 
shifted to the left, toward carbon dioxide fixation, by combination with 
glucosc-6-phosphatc dehydrogenase. Codehydrogenase II is reduced 

according to reaction: 

Glucosc-6-pho8phato -f codehydrogenase 11 

6-phosphogluconate -f- reduced codehydrogenase 

This results in the dismutation: a-ketoglutarate + CO. + 



TRIOSEPHOSPHATE DEHYDROGENASE 


217 


phosphate = i-isocitrate -j- 6-phosphogluconate. Further shifting of 
equilibrium, favoring carboxylation of a-ketoglutaric acid, takes place 
in the presence of aconitase. 

Ochoa (28) has demonstrated that the isocitric dehydrogenase 
system can be linked with the cytochrome system by cytochrome 
reductase. In this reaction, cytochrome c is reduced in the presence of 
purified isocitric dehydrogenase and oxalosuccinic carboxylase when 
isocitrate, manganese ions, codehydrogenase II, and cytochrome reduc- 
tase are added. 

Reversible Oxidative Decarboxylation of Malic Acid 

Ochoa and associates (29) have isolated a new enzyme from pigeon 
liver. Its isolation helps to explain carbon dioxide fixation in this 

organ. This enzyme, in the presence of Mn++, catalyzes the reversible 
reaction: 

COOHCH 2 CHOHCOOH codehydrogenase II 

Malic acid 

CH 3 COCOOH -f- CO 2 -f reduced codehydrogenase II 

Pyruvic acid 

The enzyme has been obtained by fractionation of a pigeon-liver 
extract with alcohol at low temperature and fractional adsorption on 
alumina gel. It is specific for codehydrogenase II. There is no 
reaction with codehydrogenase I, fumarate, or phosphopyruvate. 
Orthophosphate and adenosine triphosphate do not take part in this 
reaction (see also chapter on decarboxylating enzymes) . 


Diphosphoglyceric Aldehyde Dehydrogenase or Triosephos- 

phate Dehydrogenase 

Warburg and Christian (30) obtained this enzyme in crystalline 

form from a specially prepared yeast juice. Cori and associates (31) 

isolated the enzyme of rabbit muscle in crystalline form. The latter 

investigators obtained a yield of 7 per cent of the extracted rabbit 

muscle protein. The activity of the enzyme was of the same order as 

that of the yeast enzyme of Warburg and Christian. The muscle 

enzyme, however, requires a reducing agent for full activity. Caputto 

and I>\xon (32) have also obtained, independently and about the same 

time as Con and coworkers, the crystalline triosephosphate dehydro- 
genase from rabbit muscle. 

In the presence of inorganic phosphate, diphosphoglyceric aldehyde 
dehydrogenase oxidizes its substrate to 1,3-diphosphoglyceric acid. 
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This enzyme requires codehydrogenase I, adenosine diphosphate, and 
inorganic iihosphate for both reactions. Glyceric aldehyde is also 
oxidized. The oxidation of trioscphosphate is considerably faster than 

the oxidation of glyceric aldehyde. 

The following reactions take place; 

Phosphoglyceric aldehyde + inorganic iihosphate + codehydrogenase I 

1 , 3 -diphosphogly ceric acid -j- reduced codehydrogenase I 

The cnergy-ricli carboxylphosphate of 1,3-diphosphogly ceric acid is 
labile; it shifts its phosphate to adenosinediphosphate to reform 

adenosinctripho^^pliate : 


1 , 3 -diphosphoglycenc acid + adenosinediphosphate 

3-phosphoglyceric acid + adenosinetri phosphate 

The postulated substrate for this enzyme, 1 , 3 -diphosphoglyceric 
aldehyde, has never been prepared. The work of Meyerhof (33) 
appeals to indicate that 1 , 3 -diphosphogly ceric aldehyde is not foimed 

in this reaction. 


yg-Hydroxybutyric Dehydrogenase 

This enzyme is present in liver, heart, and kidneys. Wishart (34) 
has shown that the dcliydrogenasc may be extracted from the tissues 
by a disodium iihosphate solution, and that it reduces methylene blue 
M Uio prllcc <.f li-hydroxybutyric acid. The two hydrogen atoms 
removed arc taken up by codchydrogenase I (35). The end pioduct 
is acetoacetic acid. It is interesting to note that the d-^-hydioxy- 
butyrtatl .U-hycln.^cnatod 3 ... 6 tin. os faster tl.an t,,e natural 
i-^-hydroxybutyric acid (30). This reaction is reversible. 


CMs 


CII3 


^TIOII + codehydrogenase I ^ CO + reduced codehydrogenase I 



H2 



lOOH 

Aootonootio aoid 


CII2 

iooH 

^-Hyclroxybutyrio ewid 

Glucose Dehydrogenase of Animals 
This dehydrogenase is present in animal tissues. It was first 

" ac do Wnl of nrolda and baetoria. This oxidaae ,s 
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highly specific for glucose, which it oxidizes to gluconic acid (38, 39) : 
CH 2 OH 

+ codehydrogenase I ^ 

ino 

Glucose 

CH2OH 

(CH0H)4 + reduced codehydrogenase I 

I 

COOH 

Glucooic acid 


Hexose-6-Monophosphate Dehydrogenase 

Barron (40) found that erythrocytes and methylene blue oxidize 
glucose. Warburg and Christian (41) prepared an enzyme from horse 
erythrocytes. They called it “ Zwischenferment.” This enzyme, in 
the presence of a coenzyme, now known to be codehydrogenase II, and 
methylene blue, dehydrogenated hexose-6-phosphate (Robinson ester). 
The end product of this reaction is phosphogluconic acid. Negelein 
and Gerischer (42) prepared this dehydrogenase in pure state from 
bottom yeast. These workers found that the apodehydrogenase varies 
with the source. The yeast enzyme had an isoelectric point at pH 
4.82, whereas the corresponding apoenzyme from erythrocytes was 
isoelectric at pH 5.85 (43). 

Glutamic Acid Dehydrogenases 

This enzyme supposedly oxidizes i(+) glutamic acid to a-ketoglu- 
taric acid and ammonia. However, Euler and associates (44) claim 
that this dehydrogenase converts ((-j-) glutamic acid to iminoglutamic 
acid, which changes spontaneously to cj-ketoglutaric acid and ammonia. 
This enzyme is present in yeast and requires codehydrogenase II. 
Damodaran and Nair (45) discovered a different glutamic dehydro- 
genase in germinating beans and peas. Their enzyme oxidizes ((-{-) 
glutamic acid to a-ketoglutaric acid and ammonia, in the presence of 
methylene blue or atmospheric oxygen. The enzyme of Damodaran 
and Nair requires codehydrogenase I. A third kind of dehydrogenase 
is present in various animal tissues and may be prepared in a soluble 
state (46, 47). This dehydrogenase acts like Euler’s enzyme, sup- 
posedly converting Z(-f-) glutamic acid to iminoglutaric acid. The 
latter acid imdergoes spontaneous decomposition to a-ketoglutaric acid 
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and ammonia. This dehydrogenase requires either codehydrogenase I 
or II. 


Formic Dehydrogenase of Plants 

Dried peas contain a soluble dehydrogenase that decomposes formic 
acid into carbon dioxide and hydrogen; 

HCOOH + codehj^drogenase I ^ CO 2 + reduced codehydrogenase I 

Adler and Sreenivasaya (48) prepared the soluble formic apodehy- 
drogenase from dried peas by soaking in phosphate solution, filtiation, 
precipitation of the enzyme from the filtrate with ammonium sulfate, 
and dialysis. This enzyme solution was very active. It could be kept 
unchanged for 10 days in the refrigerator. Formic dehydrogenase 
transfers hydrogen to codehydrogenase I. Thus, it is diffeient fiom 
the formic dehydrogenase of Bacterium coli, which does not require 
coenzymes, but transfers hydrogen to cytochrome c. (See Chapter XI, 
Dehydrogenases Transferring Hydrogen to Cytochromes.) 


Malic Dehydrogenase 

This dehydrogenase is present in muscle, heart, liver, kidney, brain, 
certain bacteria, yeast, and higher plants. Malic dehydrogenase de- 
hydrogenates i( — ) malic acid to oxaloacetic acid. 


CH2COOH 

CM2OHCOOH + codchydrogenase I 

CH2COOII 

cocoon -f- reduced codehydrogenase I 

The reaction is reversed on the addition of oxaloacetic acid. Code- 
hydrogenasc I acts as a hydrogen acceptor. The reduced coenzyme 
may be oxidized by diaphorasc. This enzyme is specific for malic acid 
Natural or l( — )nialic acid is oxidized much faster than the unnatuia 
form (49) Traces of oxaloacetic acid inhibit the oxidation of malic 
acid by malic dehydrogenase, owing to reversibility of the reaction. 
The equilibrium is far to the side of malic acid. Mehler and cowoikcis 
(16) found, by spectrophotometric measurement of pyridine 
at 340 u, that malic dehydrogenase from pig heart reached 15 times 
more rapidly with codchydrogenase I than with codehydrogenasc II. 
Potter (60) has published a method for the determination o ma 1 

dchyclrogonaec in animal tissues. 
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CHAPTER XI 


DEHYDROGENASES TRANSFERRING HYDROGEN 

TO CYTOCHROMES 

* 

Dehydrogenases belonging to this group transfer two electrons to 
cytochrome c and two H+ to the medium (one H+ at a time). The 
system requires cytochrome oxidase, which reoxidizes the reduced 
cytochrome. Cyanide inhibits the cytochrome oxidase. However, 
this oxidase may be replaced by methylene blue, and then cyanide does 
not inhibit. In a large number of aerobic bacteria and in yeast, these 
dehydrogenase systems have an important function. Warburg and 
Keilin have demonstrated that practically all the respiration of these 
microorganisms is catalyzed by these systems, forming an important 
link between the various metabolic processes. Only a few enzymes 
belong to this group. 


Succinic Dehydrogenase 

This enzyme is found in most plants and animals. The liver, heart, 
and kidney contain large amounts. Succinic dehydrogenase oxidizes 
succinic acid to fumaric acid, two electrons being transferred to cyto- 
chrome c and two H+ to the medium. The cytochrome c is reoxidized 
by cytochrome oxidase by means of atmospheric oxygen. Such dyes 

as methylene blue, toluene blue,, indophenol blue, and others may func- 
tion as hydrogen acceptors. 

Keilin and Hartree (1) have shown that all succinic dehydrogenase 
systerns can be stimulated by methylene blue, but stimulation by the 
dye IS considerably less effective than by cytochrome c. Potter (2) 
found that a complete succinic dehydrogenase system is inhibited by 
rnethylene blue, and that the dye was about 1900 times less effective 
than cytochrome c as a hydrogen carrier. He found that the usual 
method for preparing the succinic dehydrogenase system precinitatiny 
tissue extracts at pH 4.6, results in the loss of most of the enzyme on 
the basis of comparison with the original tissue y e on 

Keilin and Hartree reported that codehydrogenase I in a very low 
coneen ration strongly mhibits the oxidation of sneeinic aeW 
.nh.bit.on IS bronght abont by the formation, in the presence of the 
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cocnzyine, of a small amount of oxalacetic acid, which functions as a 
very strong competitiYe inhibitor of succinic dehydrogenase. Pyo- 
cyanine has also a strong inhibitory action on this enzyme system. 
Axelrod Swingle, and Elvehjem (3) observed that calcium ions 
strongly activate the succinic oxidase system in rat-liver homogenates 
Potter, however, noticed that, while the calcium ions did acDvate at 
38° C., they had no effect or only a negligible one at 24 C Confirm- 
ing the earlier work of Adler and coworkers (4), Zittle (5) found that 
ribonucleic acid, adenylic, and guanylic acids inhibited succinic acid 
dehydrogenase. Inhibition was not immediate and appeared to be a 
slow chemical reaction, non-enzymic in nature. This author concludes 
that ribonucleic acid and its hydrolytic products may govern enzymic 
oxidation-reduction systems within the living cell. 


a-Ketoglutaric Dehydrogenase 

This enzyme was first described by Ochoa (6). It E present in 
cxLcts of Lshed heart tissue. In the presence of 0.025 M malonate 
which inhibits the succinic dehydrogenase, the following reaction tat 

place; 

a-Kctoglutaric acid + O. 5 O 2 == succinate + CO 2 
The ootimum pH of this reaction is at 7.5. However after 4 to 6 

1 ^ nf^dialvsis very little a-ketoglutaric acid is utilized. Catalytm 

acUon is restored to values approaching those displayed before dialysis 

hv the addition of (n) inorganic phosphate (but not arsenate) an ( ) 

inuscle adenylic acid or adenosine triphosphate (but not yeast adenyh 

Addition of funiaratc has no influence on the rate 

of «-ketoglutaratc utilization. This indicates that C 4 J 

acids are not concerned in the transport of hydrogen from a-ketoglutar 
ate to oxygen. This enzyme reacts with cytochrome c. 

Lactic Dehydrogenase of Yeast and Bacteria 

These dehydrogenases catalyze the oxidation of lactic acid and cer- 
tata other ,-hydroxy acids to the corresponding keto acids: 

CHsCHOHCOOH + acceptor CH3COCOOH + reduced acceptor 

Yeast Lactic Dehydrogenase 
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with alkaline phosphate solutions. Sometimes the acetone yeast is 
so acid that an alkaline pH cannot prevail, and the presence of the 
enzyme in the extract cannot be demonstrated. If the solution is kept 
alkaline, however, the enzyme can be extracted. According to Bach, 
Dixon, and Zerfas (8), even under the best conditions, only small 
quantities of the enzyme are extracted by this procedure. Bach and 
associates have disclosed a method for obtaining solutions several 
thousand times as active as those described previously. Although 
their final solution was 100 times more active than the original 
Lebedew juice used as the starting material, they state that their 
enzyme is not to be considered pure. 

The following are the main steps employed by Bach and coworkers 
in the purification of lactic dehydrogenase from Delft yeast; The yeast 
was air-dried at room temperature, dispersed in warm tap water, and 
kept at 37° for 4^2 hours. The mixture was centrifuged. To the 
supernatant Lebenew juice, alumina Cy was added, and the pH was 
kept at 5 to 6. The alumina removed some impurities and cytochrome 
c. Sodium lactate was added, and the mixture was heated to 53° C. 
This step removes a large amount of protein. AVithout lactate, the 
enzyme was destroyed by heating to 40° C., and only a small amount 
of protein was precipitated. The dehydrogenase was removed from 
the clear solution by adsorption on calcium phosphate gel suspension. 
The enzyme was then eluted from the calcium phosphate by extraction 
with 7.2 phosphate containing 10 per cent ammonium sulfate. The 
enzyme solutions were concentrated on Bechhold ultrafilters. Insta- 
bility of the enzyme began to be noticeable at this point and increased 
with further purification. The enzyme solution was now fractionated 
with ammonium sulfate in neutral solution and in acid solution, in order 
to remove traces of cytochrome c. This procedure is applicable only 

to Delft yeast. A different method is given for using Manchester 
yeast. 

In the paper just cited, the Cambridge investigators also describe the 

new hemochromogen protein which is closely related to cytochrome b, 

and which they named cytochrome b 2 . It accompanies their yeast 

lactic dehydrogenase. The authors conclude, from spectroscopic and 

other evidence, that cytochrome b 2 forms an essential part of the 

enzyme system, either as the dehydrogenase itself or as an essential 

carrier between lactate and methylene blue. An essential factor is 

required to enable this system to react with cytochrome c. The highly 

purified lactic dehydrogenase does not depend on soluble coenzymes or 
on flavin groups. 

This purified enzyme has an optimum at pH 5.2, and it is most stable 
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at this pH. The enzyme is rapidly destroyed below pH 4.5. The 
Thunberg method offers a rapid and accurate quantitative test for 

measuring the activity of this dehydrogenase. 


Bacterial Lactic Dehydrogenase 

This dehydrogenase may be prepared by autolyzing washed sus^pen- 
sions of E. coll in the presence of 1 per cent fluoride for a few days. 
The insoluble cellular material is removed by filtration through kiesel- 
guhr, and the enzyme is precipitated by saturation with ammonium 
Sulfate. In this procedure, a soluble product is obtained, but there 

is considerable loss in enzyme activity (9) . 

Insoluble a-Glycerophosphoric Dehydrogenase 

This enzyme is present in various animal tissues (10, 11), rabbit 
brain being a very good source. It converts «-glycerophosphoric acid 

into 3 phosphoglyceric aldehyde; 


CH 2 OPO 3 H 2 


HOH 


CH 2 OH 


CH 2 OPO 3 H 2 



+ acceptor — > CHOH 

CHO 


+ reduced acceptor 


Pvtochrome c serves as the hydrogen carrier. It oxidizes only 

the natural isomer of a-glycerophosphoric acid. ^-Glycerophosphoric 

i”d gurol are n„\ affected. The reduction of methylene blue 
“ GfeoMuTpreparTcuS'en.^^^^^^^ pacirrabbit' skektal muscles 

- rt idTedt;^ 

Ti’ precfp(:te‘ was eentrifu.ed. supernatant fluid 

.as diharded and the pre.pit^J— 

wZs“h k° pfat 0" C. The vacuum-dried preparation is quite stable. 

♦ 

Glutathione Dehydrogenase 

1 T^^ nreoared a cell-free enzyme solution from 

Ames and Elvehjem (12) p P laresence of cytochrome c 

Sef rtduee~Jht:i, Thil system is not catalysed by cyto- 
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chrome oxidase but is catalyzed by a new unknown copper enzyme. 
Codehydrogenase I increases the oxidation rate in the absence of 
cytochrome c, and it decreases the induction period either in tlie 
presence or absence of cytochrome c. Ascorbic acid also ha.s a stimu- 
lating action on this enzyme. In contrast to cytochrome oxidase, this 
new enzyme is not inhibited by azide. However, it is strongly inhib- 
ited by cyanide, diethyl dithiocarbainate, and iodoacetate. Ames and 
Elvehjem postulate that glutathione acts as a coenzyine in certain 
systems involving the oxidation by molecular oxygen of fixed sulfhy- 
dryl radicals occurring in tissue preparations. 

Sarcosine Oxidase 

Bernheim and Bernheim (13) have shown that broken cell prepara- 
tions (tissue ground with an equal volume of 0.05 M jfiiosphate of 
pH 7.8 filtered through muslin) of rat, rabbit, and guinea-pig liver, 
but not kidney or muscle, contain an enzyme that oxidatively deami- 
nates sarcosine (N-methylglycine) to glycine and formaldeliyde: 

CH3NHCH2COOH -f ^02 CH2OHNHCH2COOH -> 

NH2CH2COOH -I- HCHO 

The optimum pH of this enzyme is at 7.8. The enzymic oxidation 
of sarcosine goes through the cytochrome-cytochrome oxidase system. 
Sarcosine oxidase does not require sulfhydryl groups for its action. 
The enzyme is not identical with succinic dehydrogenase. This oxi- 
dase, with succinic dehydrogenase, choline oxidase, i-proline oxidase, 
and other enzymes, is bound to the insoluble protein of liver. Thus' 
sarcosine oxidase has not yet been obtained in pure state, whereas 
succinic dehydrogenase is present in other tissues from which it can 
be prepared in a purified state for comparison. 

Formic Dehydrogenase of Bacteria 

This enzyme decomposes formic acid into carbon dioxide and 
hydrogen : 

HCOOH -f methylene blue = CO 2 + leucomethylene blue 

Gale (14), who has extensively studied the formic dehydrogenase 
of Bacterium coli, found that the enzyme cannot be liberated from the 
bacterial cell. Cyanide inhibits, and formate inactivates, the enzyme 
system. He believes that this enzyme interacts with cytochrome c 
and cytochrome oxidase, which act as the hydrogen carriers. This 
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.Ic.hy.lrogenase differs from the soluble formic dehydrogenase of plants 

•('that enzyme reciuires codehydrogenase 1 (.15). 


since 


Fatty Acid Oxidase 

Liver contains a labile enzyme system which oxidizes lower fatty 
acids, such as butyric acid. The oxidizing system is destroyed more 
vaiiidlv m the absence of oxygen, and the addition of fumai ate in- 
creases the rate of oxidation. A method for the hi’n^aration of t^^s 
oxidase system has lieen described by Munoz and Leloii f , 
used guinea-i.ig liver as the source material. Inorganic phosphate, 
funiarate, cv (.chrome c, adenylic acid, and magnesium or manganese 
ions were’ found to lie rc(,uired components. Fluoride, lodoacetate, 
arsenate, and malonate inhibit the oxidation. These authois claim 

tliat their preparation does not attack and ^Maver 

(17) described an enzyme that dehydrogenates stearic acid to oleic acid. 
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CHAPTER XII 
FLAVOPROTEINS 


The flavoproteins or yellow enzymes are a series of respiratory 
catalysts widely found in nature. They contain as their prosthetic 
groups either isoalloxazine mononucleotide (riboflavin phosphate) or 
isoalloxazine adenine dinucleotide (composed of riboflavin phosphate 
and adenylic acid). Riboflavin (vitamin B 2 ) was obtained from 
heart muscle by Szent-Gyorgyi and associates in 1932. It was syn- 
thesized, simultaneously, in the laboratories of Karrer and of Kuhn 
two years later. Riboflavin orthophosphate may be prepared by 
treating riboflavin with phosphoryl oxychloride (1) or enzymatically 
by phosphorylation with intestinal epithelial powder (2). Riboflavin 
in aqueous solution is yellow and becomes colorless on reduction. 
Riboflavin acts as a reversible oxidation-reduction system : 


Ribityl 


Ribityl 


N N 

H3C-/V V \ 


N 


NH 


H3C 



CO +2H 
NH ^ 


H3C 




N CO 


H3C 


/\ 

NH CO 


\ 

CO 

I 

NH 


Isoalloxazine mono- and dinucleotide combine with specific enzyme 
proteins to form the flavoprotein enzymes, which are important com- 
ponents of several oxidation systems. The two formulas for the 
nucleotides may be written as follows: 

For flavin mononucleotide: Isoalloxazine-d-ribose-phosphate. 

For flavin dmucleotide: Isoalloxazine-d-ribose-phosphate-phos- 

phate-d-ribose-adenine. 


The Old Yellow Enzyme 

In 1932, Warburg and Christian (3, 4) isolated this enzyme from 
tottom yeast. It has not yet been obtained from any other source 
The ^ueous solutions of this and the other flavoproteins are yellow 
and become colorless on reduction. The yellow color returns if the 
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solution is shaken with oxygen or with hemin systems in the ferric 
state. This enzyme has been nameil the “ old ” yellow enzyme 

because tliere are now many yellow enzymes. 

Preparation of the Old Yellow Enzyme. The following are the 

main steps used by Warburg and Christian for the preparation of 

their yellow ferment: The fresh .iuiee of bottom yeast (Lebcdewl was 

treated with lead subacctate, and the excess lead was removed by the 

addition of ]ihosphate. An equal volume of acetone 
the mixture filtered. The filtrate contained the enzyme. The filtrate 
was then saturated with carbon dioxide at 0° C. The pigment enzyme 
precipitated in the form of a yellow oil. By repeating the precipita- 
tion from an aqueou.s solution with acetone and carbon dioxide fol- 
lowed by precipitation from aqueous solution by methyl alcohol, the 

.substance was obtained in the form of a yellow powder. 

Crystallization of the Old Yellow Enzyme. Iheorell (ol obtained, 

by the method of Warburg and Christian, about 30 
crude enzvme, which he further purified by cataphoresis at />II 4.2 to 4.o. 
This procedure caused a loss of only 10 per cent. By Iractionation 
I!;;, ammonium sulfate at pH 5.2 and dialysis against 2 vi uiim^^ 
saturated ammonium sulfate plus 1 volume acetate butter ot iH m2 
a crystalline pro.luct was obtained, the yield being GO per cent. The 
t.ZLy in pipnont in.lirnU-.l tln.t tin- sub.Uncn .s |nu-c. 

It eontaincfl 15.5 per cent nitrogen. 

Thcorell (5, 6) was able to hydrolyze the old yellow enzyme revers- 

tein’ or the so-calle,l apoenzyme, by dialyzing the enzyme s.i lution 

disiilverl ..n neutralization. When the riboflavin solution was added 

to the anoimzyme, the active enzyme was re-formed. 

T^Tructur the Old Yellow Enzyme. Theorell has shown 

thJt the yellow enzyme is riboflavin mo.mphosphoric acid combine 
with a specific protein; 

^OH 

(CllCOlaCriaOP =0 

^QH 



_____ — ^rotoin 


do 

Xho old yellow oneyme 
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The nitrogen atoms in the 1- and 10-positions are hydrogen trans- 
porters. The 6- and 7-position methyl radicals diminish the toxicity 
of the flavin; without them the compound is inactive. Tlie nitrogen 
atom in the 9-position serves to combine the isoalloxazine nucleus witli 
the pentose molecule, which is bound to phosphoric acid. The phos- 
phoric acid and the nitrogen atom in the 3-position lund the pros- 
thetic group to the protein component of the enzyme. The nitrogen 
atom in the 3-position is responsible for extinguishing the fluorescence 
of the flavinphosphate when combined with the si)ecifie jirotein (7). 

Mechanism of the Old Yellow Enzyme. This enzyme system 
transfers hydrogen from codehydrogenase II to molecular oxygen 
as follows: 

(а) Hexosemonophosphate -f- codehydrogenase II = 

phosphohexonic acid -|- dihydrocodehydrogenase II 

(б) Dihydrocodehydrogenase II d- old j'cllow enzyme = 

codehydrogenase II -|- reduced old yellow (mz^'me 

(c) Reduced old yellow enzyme -h molecular oxygen = 

old yellow enzyme + II 2 O 2 

In reaction (a), codehydrogenase II is bound to hexosemonophos- 
phate dehydrogenase, called “ Zwischenferraent ” by Warburg. 


Xanthine Dehydrogenase (Xanthine Oxidase, 
Schardinger Enzyme, Aldehydrase) 

This oxidase does not always occur where purine metabolism is in- 
volved. Morgan (8) has extensively studied the distribution of the 
enzyme in the tissues of a large number of animals. Thus, in the 
horse, the spleen is the only organ that contains it. In the hen, it is 
present in the liver and kidneys. The reduction of methylene blue 
by aldehydes, in the presence of fresh milk and the absence of oxygen 
was described by Schardinger in 1902. The general contention is that 
xanthine oxidase and the aldehyde-oxidizing enzyme are identical (9) 
Milk xanthine oxidase had been prepared in a highly purified state 
by Ball (10) . He found that the golden-brown enzyme contained iso- 
alloxazme adenine dinucleotide, and that it could be reversibly split 

isoelectric point at pH 6.2 and a molecular weight 
of 74,000. It oxidizes xanthine to uric acid, and aldehydes to the 
corresponding acids, removing two hydrogen atoms in the dehydro- 
genation Xanthine oxidase also oxidizes reduced codehydrogenase I 
The purified enzyme uses oxygen, as well as methylene blue and other^ 
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dyes, a? the hydrogen acceptor. Cyanide acts as an irreversible in- 
liibitor. Plant aldeliyde dehydrogenase is a different enzyme, because 
it does not act on purines. 


Liver Aldehyde Oxidase 

This enzyme occurs in mammalian liver. It oxidizes aliphatic and 
aromatic aldc'hydi'S to acids. I nlike xanthine oxidase, this enzyme 
does not attack purines. Gordon and coworkers (11) found that liver 
contains aldehyde mutase, xanthine oxidase, and aldehyde oxidase. 
These investigators separated liver aldehyde oxidase from the oxidases 
just mentioned. The imrified enzyme had a yellowish brown color 
and contained adenine dinucleotide as the prosthetic group. 


Fumaric Hydrogenase 

This flaA’oprotein catalyzes the reduction of fumaric acid to succinic 
acid in the presimcc of a leuco dye. The leuco dye is oxidized to the 

colored dye; 


COOH 


IICCOOH 

llOOCCn + leuco dye 


CH2 

= in2 


+ colored dye 



OGH 


The aclivity of the enzyme is measured by determining the rate of 
color appearance. Fumaric di-hydrogenase can be reversibly split 
into apoenzyme and isoalloxazine dinucleotide. The combination of 
protein and’ coenzyme is not as firm as in the other yellow enzymes 
(12). This enzyme occurs in crude fractions of the old yellow enzyme 

of Warburg and Christian. 

/-Amino Acid Oxidase (/-a-Hydroxy Acid Oxidase) 

This enzyme catalyzes the oxidation of tlie natural or i-forms of 
leucine, phenylalanine, norlcucine, norvaline, isoleucinc, valine, cystine, 
histidine, tyrosine, methionine, alanine, and tryptophane. N-mcthyl- 
leucine is oxidized to the corresponding keto acid and methyl amine. 
The pyrrolidine ring of proline is split open by oxidation, with the 
formation of a-nmino-8-kctovaleric acid. In this reaction, one mole- 
cule of oxygen is taken up for each molecule of amino acid, resulting 
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in one molecule of each keto acid, ammonia, and hydrogen peroxide. 
When catalase is also present, however, 1 atom of oxygen is taken up 
per molecule of amino acid oxidized. Methylene blue functions as a 
hydrogen acceptor in this oxidation. The enzyme is inhibited by 
ammonium ions, benzoate, and iodoacetate (13, 14). The best source 
for the preparation of this enzyme is rat kidney, liver tissue, certain 
bacteria, and snake venom. 

Preparation of Rat-Kidney /-Amino Acid Oxidase. Blanchard 
and coworkers (15) obtained Z-amino acid oxidase in a pure state. 
Rat-kidney tissue was minced in a Waring blender, poured into 4 
volumes of acetone, and cooled to —5° C. with Dry Ice. The tissue 
was filtered with suction, washed with cold acetone, dried, and pul- 
verized. The powder was extracted with 10 volumes of water for 30 
minutes. The filtrate was purified by an extensive series of salt 
fractionations and dialysis. This brought the enzyme to electro- 
phoretic homogeneity. The oxidase was found to be a flavoprotein 
with riboflavinphosphate as the prosthetic group. By ultracentrifug- 
ing, two components were obtained possessing the same catalytic func- 
tion, the heavy component being an aggregate of 4 molecules of the 
fight one. The light component contains 2 molecules of flavin, and the 

heavy component 8. This enzyme also oxidizes Z-a-hydroxy acids 
such as lactic acid. ^ 

Zeller and Maritz (16) have previously observed that rat kidney and 
liver contain an enzyme that oxidizes Z-phenyllactic acid. 


Bacterial /-Amino Acid Oxidase 

Bernheim and associates (17) were the first to report that Proteus 
rMgor^ was able to oxidize all the known natural amino acids 

Slumpf and Green (18) verified these observations, provided that the 

reshly harvested bacterial cells were used in the test. When a sus 

pension was kept for 2 weeks at 0° C., only 11 of 22 aminn o a 
nviHiT-oH JIT 11 01 jSz amino acids were 

assuming that the of activity is explained by 

assuming that there are several amino acid oxidases in the bacteriunf 
Green and Stumpf obtained this enzyme in opll f u j* • 

grating the bacterial cell with supersonic vibrations A^^mi?^ 

was found in Aerotacter aerogeL and Bst^rnas 

Snake Venom /-Amino Oxidase 
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is diffei-cnt in many respects from mammalian f-amino acid oxidase. 

variety of amino acids arc oxidized. 1-Proline, 1-hydroxyproline, 
N-methyl-Meucine, and N-methyl-l-phenylalanine, however, were not 
oxidized. Natural aspartic and glutamic acids were deaminated by 
oxidation. Dimedon and carbonyl reagents, such as semicarbazide- 
HCl, hydroxylamine-HCl, and 2,4-dinitrophenylhydrazinc, inhibit 
in low concentrations. Zeller and coworkers (21) found a similai 
enzyme in vaiuous organs of snakes. The best source was lung tissue. 


^/-Amino Acid Oxidase of Animal Tissues 

The oxidase is present in most animal tissues, kidney and liver 
l)eing the best sources. d-Amino acid oxidase removes the a- amino 
group from d-amino acids, rei)laeing it by oxygen. This results 
in the formation of the corresponding a-keto acid and ammonia 

(RCHNH.COOH O. - RC'OCOOH -f NH;,). Cdycine, dl-lysine, 
and d/-eystine, however, are nut attacked by tlie oxidase (22). d-Pio- 
iine, having no amino radical, is oxidized to «-keto-8-aminovalcric 
acid' (23). The function of this enzyme is unknown. d-Aimno acids 

do not, as a rule, occur in nature. . , a • 

Properties of Enzyme. This o 

co.mzvme (Straub). It was shown by Warburg and Christian (24) 
(hat the pure coenzyme is an isoalloxazine adenine dmucleotide. For 
the iireparation of the inire d-amino aciil oxidase, tlic paper by ^ege can 
and Brbmel (25) may be con.sulted. Edlbacher and associates (26) 
found that (he purified ki.lney oxidase becomes 100 times more active 
in the presence of 0.001 M liydrogen cyanide when d-alamnc is the sub- 
strate Similar functions were shown by pyrophosphate. Semicar- 
bazido acted as a powerful inhibitor. Un.lor certain “ 

1-amino acid oxidase and d-amino acid oxidase arc powei fully in 

ited bv octylalcohol. r ^ 

Ilcllerman and coworkers (27) prepared d-amino acid oxidase from 

lamb kidneys and separated the prosthetic group according to the 

method of Warburg and Christian. Quinine, atabnne, and related 

substances inhibited the d-amino acid oxidase strongly 
trations of the prosthetic group flavm-adeninc-dinucleotide, but only 
slightly at high concentrations. This suggests inhibition by competi- 
tion with the dinucleotide for the enzyme protein ^ 

Activation of the Oxidation of d-Amino Acids by Acids. 

Edlbacher and Wiss (28) , using a purified, dry swine-kidncy d-amino 
acid oxidase preparation, have made some very interesting ohservations 
concerning the activation of oxidation of d-alanine, d-vahne, d-leucine, 
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d-isoleucine, and d-phenylalanine with a series of J-amino acids (see 
Fig. 16). The degree of activation differs for each amino acid, depend- 
ing on the purity and concentration of the enzyme and the quantity of 
Z-amino acid used. Large quantities of Z-amino acids produce an 
inhibition. Inactive proteins isolated during the purification of the 
oxidase are very powerful activators of the purified enzyme. 
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Fig. 16. Activation of tZ-amino acids by Z-amino acids. The ordinate shows oxveen 
consumption m 1 hour. The abscissa indicates the added Z-amino acids. Their 
concentration and those of the cZ-amino acids was ikf/50. The figure also shows the 
oxidation of the <Z-ammo acids without added Z-amino acids. The pH was 8. 

Glycine Oxidase of Kidney 

This oxidase may be prepared by neutral aqueous extraction of nie- 
kjdney acetone powder. This enayme oxidizes glycine to glycolic acW 
Md ammonia, and sarcosme to glycolic acid and methyl amine 

Dimethylglycme, phenylglycine, and acylglycines are not oxidized' 

The presence^ of flavin adenine dmucleotide is required for activity 
This enzyme IS most active at pH 8.3. Glyeine oxidase prepared from 
kidneys of other ammals, or from pig kidney by extraction at pH 4.8 
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of the acetone powder, does not require the addition of dinucleotide. 
Glycine oxidase is a flavoprotcin (29j. 


Glucose Oxidase (Notatin) of Molds 


Muller (30) has shown that the glucose-oxidizing enzyme of Asper- 
gillus niger and certain Penicillia is a specific enzyme which oxidizes 
glucose to gluconic acid. Galactose and mannose were oxidized only 
slowly. Xylose, arabinose, fructose, and lactose were not oxidized. 
Sucrose, however, was attacked, since it was first hydrolyzed by the 
invertase, which was present in the crude enzyme preparations. Nord 
and Engel (31) found this enzyme in Fusarium Uni. It had been 
reported that this mold also contains an enzyme that oxidizes xylose 
to xylonic acid, and arabinose to arabonic acid (32). 

Franke and Deffner (33) , working with a purer glucose oxidase prep- 
aration than earlier investigators, destroyed the catalase of their 
preparation with hydrogen sulfide. A quantitative amount of hydro- 
gen peroxide was formed during the oxidation of glucose in the presence 

of molecular oxygen to gluconic acid: 

C 5 H 11 O 5 CHO -h H2O + 02 = C 5 H 11 O 5 COOH + H2O2 


Also, they observed a proportionality between the activities of various 
preparations and their flavin content. They concluded that glucose 
oxidase must be a flavoprotein. Coulthard and associates (34) have 
published a very extensive study concerning the purification and anti- 
bacterial properties of glucose oxidase from Penicxllmm notatum 
Wcstling. Tliey named the purified preparation “ notatin.” Franke s 
suggestions concerning the flavoprotein nature of the oxidase were con- 
firmed. The antibacterial action is said to be due to the enzyme s 
ability to produce hydrogen peroxide from glucose and oxygen. This 
activity in vitro is very high, completely inhibiting the growth o 
Staphylococcus aureus in a dilution of even 1 : 1,000,000,000. d-Xylose 
and d-inannose also can be oxidized by the purified enzyme, but much 
less effectively than glucose. An identical enzyme has been obtained 


from P. reticulosum. ^ _ 

Green and Pauli (35) have demonstrated that the flavoprotein from 

milk, which catalyzes the oxidation of hypoxanthine to uric aci 

(xanthine oxidase) , and which produces hydrogen peroxide, also has 

antibacterial action. This property is lost when minute amounts of 

catalase are added or as soon as the activity of the enzyme ceases. 

They conclude that there is little to choose between the flavoproteins 

from cows’ milk and P. notatum, respectively, as far as antibacterial 
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action is concerned. The only difference is that notatin is a more 
stable enzyme. This would suggest that any flavoprotein enzyme 
system that produces hydrogen peroxide should have the same anti- 
bacterial action as notatin. 

More recently, Keilin and Hartree (36), using a purified preparation 
of Coulthard and associates, have furnished new evidence showing 
that glucose oxidase is a yellow enzyme. They have combined the 
prosthetic group of glucose oxidase (isoalloxazine adenine dinuclcotide ) 
and the inactive protein fraction of amino acid oxidase. This brought 
the inactive protein of the amino acid oxidase back to its original activ- 
ity. On addition of glucose to the enzyme, its characteristic yellow 
color is rapidly discharged, owing to the reduction of the isoalloxazine 
ring. When the mixture is shaken with air, the yellow color of the 
enzyme returns, as a result of the reoxidation of the isoalloxazine ring. 
Intact glucose oxidase, unlike diaphorase, shows no fluorescence in ultra- 
violet light, but the green fluorescence of the free dinucleotide appears 
on denaturation of the enzyme protein. The notatin preparation 
studied was about 90 per cent pure. 

Preparation of Pure Glucose Oxidase. Coulthard and associates 
prepared their glucose oxidase (notatin) from a culture of Penicillium 
notatum Westling, using a modified Czapex-Dox medium. The culture 
filtrate was concentrated to one-fifth of its original volume. To the 
reddish brown concentrate, 2 volumes of acetone was added at 0° C. 
The precipitate was dissolved in water and again precipitated with 
acetone. This procedure was repeated once more. The concentrate 
may be purified by precipitation with tannic acid. The enzyme-tannate 
was decomposed by triturating with acetone. From the solution, the 
enzyme was precipitated with an excess of acetone. The solid 'was 

dried and powdered. Several procedures are given for the further 
purification of the concentrated enzyme. 


Histaminase or Diamine Oxidase 

This enzyme was first described in 1929 by Best (37) , who believed 
that it is specific for histamine. However, Zeller (38, 39 ) has shown 
that the enzyme attacks almost all diamines by oxidative deamination 
and has suggested the following equation for the reaction: 

RCH 2 NH 2 + O 2 + H 2 O = RCHO + NH 3 -I- H 2 O 2 

Zeller named this enzyme diamine oxidase. It is present in many 

TMi rtl intestinal mucosa are the best sources. 

Usually, the defatted toues are extracted with water, and the filtered 
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extract is concentrated in vacuo. Also the enzyme may be precipitated 
from aqueous extracts by the addition of acetone or alcohol; then the 
precipitate is dried m vacuo. These protlucts are very soluble and 

highly active, but impure. , . • , ; 

Diamine oxidase destroys toxic diamines, such as histamine, cade\ - 

erine and putrescine. Histamine and other diamines form in the large 
intestine as a result of bacterial decarboxylation of ammo acids, such 
as histidine, lysine, and ornithine. Histamine is a very toxic sub- 
stance, having a pronounced pharmacological action. , , 

Purification. Swedin (40) prepared histammase by extracting hog 
kidney with Y,-, M phosphate buffer of pH 7.7. The filtrate was 
fractionated with ammonium sulfate. The precipitate was dissolved 
in water which had been brought to pH 7.5 with ammonium hydroxide. 

The filtrate was dialyzed against distilled water. The 
ture was heated for 10 minutes at 50^ and then centrifug^ . The fil- 
trate was again fractionated with ammonium sullate. The puiified 
enzyme had all the properties of a flavoprotein. ^Mlen pun ec 
enzyme was sulijccted to dialysis it lost 80 per cent of its actiMt> , b t 
32 per cent was restored on tlie addition of havin. rreatment vith 
methyl alcohol also cause.l destruction. If the alcoholic ^ 

made alkaline, irradiated with electric light, and neutralized a a t 
ity was lost. When the enzyme acts on Inslainim, one at 
oxygen is used and no liydrogen peroxide is formed (41). 

Codehydrogenase Oxidases (Diaphorases) 

Two codehydrogenase oxidases arc known at present. They arc 
wl"; TistriLtecl enzymes. Both are isoalh.xazine - 

(42 43). One oxidizes codehydrogenase I and the othei codehy 
genase II. Both require methylene blue for the oxidation. 


Cytochrome Reductase 

This new flavoprotein enzyme was isolated from yeast by Haas and 

J„d:r(44). it U, be 

tant than the diaiihorases and the old yellow enzyme. 1 Y 

onrvme is probably a decomposition product of the reductase, 
new enzyme can he rapidly reduced by ‘lilw^lnicodehydrogenase II am 
"xidi.0.1 by' tcrricytochrorac c. Thu,, tl,c n-.lucto '•f aW' ^ “ 

bvZ^n t'lcMro,r2c Tl. cU-ab™- rcdu.U.s. has the same 
prosthetic group as the old yellow ensyme, e.g., alloxaime monoimc 
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otide; but the proteins differ. Like some of the other yellow enzymes, 
reductase may be reversibly split into enzyme protein (apoenzyme) 
and coenzyme. The reductase has a molecular weight of 75,000. 

Haas and coworkers use the following system in their reductase 
studies: hexosemonophosphate, hexosemonophosphate dehydrogenase, 
codehydrogenase II, cytochrome-reductase, and cytochrome c. In this 
reaction, the codehydrogenase II is rapidly reduced, whereas the fer- 
ricytochrome c does not react until the reductase is added. Enzyme 
action may be demonstrated by spectroscopic means within a few 
minutes. Instead of ferricytochrome c, molecular oxygen may also be 
used for the reoxidation of reduced cytochrome reductase: 

Reductase*H 2 + 02*-^ reductase + H 2 O 2 
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CHAPTER XIII 
OTHER OXIDASES 

Luciferase 

The enzyme luciferase was discovered in 1885 by Dubois in the 
elaterid beetle Pyrophorus noctilucus, and the mollusc Pholas dactylus 
Harvey (1) showed that luciferase is present in fireflies, in ostracod 
crustaceans, and in the worm Odontosyllis . According to Harvey, it 
occurs in forty different orders of animals, in certain classes of plants, 
and in bacteria and fungi. The flrefly, however, is the best-known 
luminous animal. Some familiar examples of bioluminescence are the 
glowing of wood, the phosphorescence of the sea, and the shining of 
fish. They are all due to microscopic organisms. In some luminous 
animals, however, the presence of the luciferin-luciferase system could 
not be demonstrated (2). Bioluminescence is a distinct form of chemi- 
luminescence, resulting from the energy change in a chemical reaction. 

Luciferin, the substrate of luciferase, also was discovered by Dubois. 
Luciferin is a rare example of a substrate with an unknown chemical 
nature. The oxidation product of luciferin (after luciferase has been 
acted upon) has been named oxiluciferin by Harvey. The luciferin 
differs slightly with the species, and the luciferase acts only with 
luciferin of closely related animals. 

Preparation. The best source for the preparation of luciferin and 
luciferase is an animal such as the ostracod crustacean Cypridina 
hilgendorfii, which has a large gland in the head region. This gland 
manufacturers and stores the oxidase as well as luciferin. By drying 
the animals quickly, the gland can be preserved for many years. This 
material shows strong luminescence on moistening. Anderson (3) 
purified luciferin considerably by extracting dry cypridinas with 
methyl alcohol. Then he added 10 per cent of butyl alcohol and 
removed the methyl alcohol in vacuo. The supernatant butyl alcohol 
extract was treated with benzoyl chloride. After 15 minutes, this solu- 
tion was diluted with 10 volumes of water, and the inactive benzoyl- 
luciferin derivative was extracted with ether. After removal of the 
ether, the residue was hydrolyzed with hydrochloric acid. The free 
active luciferin was extracted with butyl alcohol. By repeating the 
benzoylation and hydrolysis, the luciferin was concentrated 2000-fold. 
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The hiciferaftc, as used by the Princeton workers, was prepared from 
rapidly dried powdered cypridinas by extracting with water, and by 
dialyzing tlie extract against cold running water for 24 hours (2). A 
few drops of totuol added to the enzyme solution will preserve it for 

months in a refrigerator. 

Mechanism of Lucif erase Action (2). In the presence of lucif erase 
and oxygen, luciferin iiroduces light. The following four steps are 

involved: 


( 1 ) 

( 2 ) 

(3) 

(4) 


LH 2 (luciferin) + A (lucifcrase) - 

A LII 2 (lucifcriii-enz^TOe compovind) 

ALH2 + 102 ALH20 

A-LM2-0 A' (excited luciferase) + . .. 

L (oxidized luciferin + U 2 UJ 

A' ^ A + hv (u quantum of light) 


When the exact chemical nature of this enzyme system is elucidated, 

this scheme will undoubtedly be modified. 

The Chemistry of the Luciferin-Luciferase System (1, 2). 
Imcifcrin of .lialyzes through a membrane. It is not clc- 

stroyed l.V trypsin, ami it is soluble in water, in many organic sol- 
vents in diluie salts, in acids, and in alkali. In alkaline medium i 
(.xidizes readily, but it keeps for years in miue.ms solution, batuiated 
ammonium sulfate prcciiiitatcs the lucilerin, but not magnesium sti - 

fate or smliuiii chloride. 

Tlic oxidase (’ uprirllm, luciferase does not dialyze through mem- 
branes- it is destroyed by trypsin; it is insoluble in practica y a 
organic solvents, and soluble in water, dilute salt solutions dilute 

riesfan C has (4) reported that 0.000033 M cyanide affecis par- 

tiaUy purified ri/zn-fd/nn luciferin, so that no light is produced when 
luciferase is adde<l. Much higher concentrations of cyanide, however, 
ll„ lot Xr iucife^^ Crude luciferase is not inhibited by even 

0 033 M potassium cyanide. Calculations based on the combining 

Sular weight. Johnson and Chase (5) found that the lucMerin- 

luciferasc system is inhibited by small amounts of urethane, ' 

midc, sulfithiazol, sulfapyridine, and p-aniinobenzoic acid The 

„ mRtbifinn is reversible except at high concentiations (ap 
^^'^acldng 1 M) Sodium azide progressively inhibits this enzyme 
:;:tmn in oLnclration from O.OOl M to 0.1 Af. The -tion o azide 
out rntirelv upon the luciferin and is a reversible inhibition (6). 
Cha^ ( 7 ) found that Cypridwa luciferase, partially purified by dia y- 



URICASE 


243 


sis, is reversibly inactivated by short exposure to a temperature of 
38° C. in the same manner that light intensity of luminous bacteria 

is reversibly quenched. 

Kluyver and coworkers (8) have studied the inhibition of lumines- 
cence in Photohacterium phosphoreum by irradiation with blue light. 
They believe that the inhibition is due to the photochemical inactiva- 
tion of dehydroluciferin. An examination of the inactivation spectrum 
indicates that this coenzyme may be a vitamin K derivative. More 
recently, Johnson and Eyring (9), however, have published results 
that suggest that the luminescent system of Cypridina consists of a 
pyridine nucleotide and flavoprotein. In view of these results, it may 
be said that the chemical nature of the luciferin-luciferase system 
deserves further study. 


Uricase 


This oxidase may be prepared from the liver, kidney, and brains 
of most mammals. It is not present in human organs. Keilin and 
Hartree (10) found that the respiratory quotient of this enzyme 
was consistent with the following reaction: 

Uric acid -f O 2 -f- H 2 O — > allantoin -f- CO 2 -|- H 2 O 2 


Since this finding was not consistent with earlier views, Klemperer 
(11) has re-examined the enzymic oxidation of uric acid. He observed 
that the amount of carbon dioxide formed during this oxidation was 
only a fraction of one equivalent, indicating that compounds other 
than allantoin are formed in the reaction. From the quantity of 
nitrogen which these substances lost on treatment with nitrous acid, 
he concluded that these compounds are uroxanic acid and hydroxy- 
acetylene-diureine-carboxylic acid. These substances are not attacked 
by uricase. The primary product of uricase action is an unstable 
substance that decomposes spontaneously into the three reaction prod- 
ucts. The relative amount of these products formed depends on the 
pH and the nature of the buffer used. It is not known whether this 
reaction occurs in vivo. The decomposition products uroxanic acid 
and hydroxyacetylene-diureine-carboxylic acid have not been found 

so far in urine. 


In this work, Klemperer employed pig-liver or beef-kidney uricase 
prepared according to the method of Keilin and Hartree. Dry tissue 
powder was extracted at 38° C. with Sprensen’s borate buffer of pH 
9.2, and the clear extract adjusted to a pH of 4.5 With 0.5 N acetic 

acid. The precipitate that formed contained the entire uricase activ- 
ity, This enzyme has optimum pH at 9.2. 


i 
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Tyramine Oxidase 

Tyramine is one of the toxic amines. It raises blood pressure. It is 
structurally related to the blood-pressure-raising hormone adrenaline; 

CH2CH2NH2 

0 

OH 

Tyramine 

Bernheim and Bernheim ( 12 ) have found that rat, rabbit, guinea- 
pig heart slices and intestinal muscle strips can both deaminate the 
side chain of tyramine and cause the disappearance of the hydroxy 
group on the ring. Kidney and liver slices, however, bring about on y 
deamination. Dog and cat ventricles are much less active. None 
of these reactions take place anaerobically. Cocaine ephedrin_ , 
caprylic alcohol, and high concentrations of cyanide inhibit the deami- 
nation but have little effect on the oxidation of the hydroxyl group 
(Table XXIV) . Methylene blue inhibits both, whereas thiourea has 


CHOHCH2NH 


CHs 




OH 
OH 

Adrenaline 




TABLE XXIV 

Effect of Vabious Drugs on Disappearance of Amine and Htoroxy Groups 

OF 2.0 Mg. of Tyramine Hydrochloride Incubated 
for 2 Hours with Rat Heart Slices 


NH 2 -N Disappeared 
•om 0.164 Mg. Added 
as Tyramine HCl 

OH Groups Disappeared 
from 0.2 Mg. Added as 
Tyramine HCl 

^ 1 > 

mg. 

per cent 

mg. 

per cent 

0.139 

85 

0.140 

70 

0.072 

44 

0.134 

67 

0.061 

37 

0.140 

70 

0.082 

50 

0.115 

57 

0.044 

27 

0.014 

7 

0.057 

35 



0.082 

50 



0.070 

43 

0.130 

65 


Drug 

4 

7 . 3 X 10”^ ^ cocaine HCl 
6.9 X 10”^ M ephedrine SO 4 
2.0 X M caprylic alcohol 

1 . 3 X 10“® M methylene blue 

0 . 85 X 10"^ M indole 

0 . 67 X M indole acetic acid 
0.5 X 10”^ M sodium cyanide 

no action on either. This indicates that a copper-containing enzyme 
r not invorved. Indole and indole acetie acid inhibit deammation, 

“l ot the hydroxyl groups. This is also true when tje t^am n 

concentration is altered. AH drugs, with the exception of methylen 
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blue, inhibit the deamination much more than the removal of the 
hydroxyl groups. However, Bernheim and Bernheim conclude that 
their findings do not necessarily indicate that two enzymes are con- 
cerned with the oxidative decomposition of tyramine. Animal tissues 
contain enzyme systems which are able to oxidize aliphatic as well 
as aromatic monoamines (13). 


Fatty Acid Dehydrogenase 

Various animal tissues contain an enzyme which dehydrogenates 
higher fatty acids. Liver appears to be the best source ( 14) . Accord- 
ing to Champougny and Le Breton (15) this enzyme requires adeno- 
sinetriphosphoric acid as a coenzyme. The hydrogenase has its opti- 
mum at pH 8.0. These workers suggest the following procedure for 
the quantitative estimation of liver fatty acid dehydrogenase: 

Six grams of fresh liver tissue is ground in a mortar at 0° C. The 
homogenate is placed in a centrifuge tube without rinsing the mortar. 
The tube is dipped in hot water in order to raise the temperature to 
37° within 3 minutes. As soon as 37° is reached, the tube is cooled 
quickly to 0° and centrifuged 25 minutes at 4000 r.p.m. in a centrifuge 
cooled below 5°. The supernatant is transferred to another centrifuge 
tube; 4.9 grams of ammonium sulfate is added, and the tube is cen- 
trifuged for 25 minutes at low temperature. The precipitate is dis- 
solved in 10 cc. of Sprensen phosphate of pH 6.0. The temperature is 
kept low to avoid loss of activity. The enzyme activity is determined 
by Thunberg’s method by mixing 1 cc. of phosphate of pH 8.0, 1 cc. 
of 0.01 M sodium palmitate, 0.8 cc. of a solution containing 0.08 milli- 
grams of adenosinetriphosphoric acid in phosphate of pH 8.0, and 0.2 
cc. of 0.0005 M methylene blue. One cubic centimeter of the liver 
enzyme solution is added, and the time required for the decolorization 
of the dye is noted. Samples from different lobes of the liver of the 
same rabbit differ considerably in their dehydrogenase activity. With- 
out the coenzyme, no activity is shown. 


Glucose Dehydrogenase of Germinated Seeds 

Basu and Karkun (16) described an oxidizing enzyme of the ger- 
minated seeds of ^een and black grams {Phaseolus radiatus and 
P. mungo L.) This enzyme acts both aerobically and anaerobically 
on glucose, with gluconic acid as the probable end product. -Galactose 
and mannose also are said to be oxidized by this enzyme, but not 
fructose, xylose, or arabmose. Methylene blue inhibits th^ ensy:^! 
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and cannot be employed as a hydrogen acceptor. 2,6 Dichlorophenol- 
indophenol, however, acts as an acceptor. Narcotics inhibit the dehy- 
drogenase function, while potassium cyanide and hydrogen sulfide 
inhibit to oxidase action. Flavin, adrenaline, and ascorbic acid do 
not act as hydrogen carriers, but glutathione does to some extent. 
This enzyme appears to be different from Harrison’s liver glucose 

oxidase and the glucose oxidase of certain molds. 

Sulfide Oxidase. From tissues of the higher vertebrates, such as 

cat, dog, cow, and sheep, an enzyme may be extracted which oxidizes 

S= into 8203 =. Der Garabedian (17) found that optimum extraction 

of sulfide oxidase may be obtained with phosphate buffer of pH 7.2. 
The enzyme may be precipitated from aqueous solutions by ethyl 
alcohol. The oxidase does not dialyze through cellophane. It has 

optimum pH at 7.2. _ • i, + • 

Cysteine Desulfurase. This enzyme is present in certain bacteria 

and in animal tissues. It catalyzes the liberation of hydrogen sulfide 
from cysteine. According to Fromageot and Grand (18), the action 
of cysteine desulfurase is completely suppressed by IQ-^ M hydro- 
cyanic acid and by reagents that combine with a carbonyl group, a 

carboxyl group, and a basic nitrogen group. 

Dopa Oxidase. Dopa oxidase (19) is the enzyme that oxidizes 

3 4 -dihydroxyphcnylalanine (“ dopa ”) to melanin. It is oun m 

the melanoblast of the epidermis. It may be detected by fixing skin 

sections in formaldehyde and treating them, for a time varying from 

a few hours up to a few days, with a 0.1 per cent solution 

has-been kept in the reagent for 24 hours or so, the cells containing 

the oxidase will be deeply stained with melanin. Only the 
forming cells (melanoblasts) give this color reaction. Dopa oxidas^ 

with monophenolic substances, with 

is stereo specific. It reacts only with the natural Z-substrate ( )• 

However, the specificity of dopa oxidase has been seriously qu 

tioned ( 22 ). 
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CHAPTER XIV 

decarboxylating and phosphopyridoxal 

ENZYMES 

j)iphosphothiamin enzymes 

All animal tissues and many plants and bacteria contain diphospho- 
thiamin enzyme systems that act on pyruvate m various ways. The 
best known, and the first to be recognized, is yeast carboxylase. 


<x 


-Keto Carboxylases of Plants 


Yeast and other plants contain an ensyine that dccarboxylates 
a-keto aci.ls, sneh a pyiuvie acid, tornring the corresponding aldehyde, 

e.g., acetaldehyde ( 1 , 2 ): 


CITsCOCOOH CH 3 C 




o 


+ CO2 


H 


The function of «-kcto carboxylase in yeast is important since 
alMhol is formed from acetaldehyde by the action of alcohol dchydro- 
genase and reduced cozynuisc; 

C113CH0 + H2 = CH3C112OH 

The ceneral opinion has been tliat the decarboxylation of pyruvic 
acW L the yeaTcarboxylase system takes place in the manner just 

rh“ py uv'r^rtd ihy Veast carboxylase produces 20 per cent 
facte acid, Ts per cent carbon dioxide, and 30 P- - 
These authors state that 

This enzyme is most active at pH 6.2. 
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Cocarboxylase (Diphosphothiamin) 

In 1932, Auhagen (5) showed that yeast carboylase can be sepa- 
rated into two components, one a protein and the other a thermostable 
fraction. He found that, when brewers’ yeast was washed with an 
alkaline phosphate solution, it lost its power to act on pyruvic acid, 
and in 1937 Lohmann and Schuster (7) isolated from yeast cocar- 
boxylase, the carboxylase again became active. Auhagen obtained 
cocarboxylase in a semi-pure state. He suggested that the substance 
was probably a new phosphoric ester of an organic substance. 

Simola (6) obtained some of Auhagen’s cocarboxylase, with which 
he carried out experiments on rats. He found that the substance 
possessed vitamin potency and that tissues of rats kept on a vitamin 
Bi-free diet contained less cocarboxylase than those of an animal which 
received cocarboxylase. 

In 1928, Kinnersley and Peters showed that yeast contained an 
unknown derivative of thiamin that was precipitable by lead acetate ; 
and in 1937 Lohmann and Schuster (7) isolated from yeast cocar- 
boxylase in pure crystalline state and identified it as the pyrophos- 
phoric acid ester of thiamin. This work was supported by the findings 
of Stern and Hofer (8), who, by treating thiamin with POCI3, obtained 
a demonstrable quantity of cocarboxylase which, however, was insuffi- 
cient for isolation. A practical method for the synthesis of cocarboxyl- 
ase was published by Tauber (9). By this method, which uses a new 
procedure for the synthesis of primary phosphoric acid esters, cocar- 
boxylase may be prepared in large quantities. In this synthesis, thia- 
min and anhydrous sodium pyrophosphate are heated in a medium 
of dehydrated orthophosphoric acid. A study of the pure crystalline 
product showed that it was in every respect identical with the natural 
coenzyme (10) . Thus, the important work of Lohmann and Schuster 
was fully verified by synthesis and analysis of the synthetic product. 


CH; 


OH OH 


H 


N=C— NH2 

A i- 


C 


N— CH 


CH2— N 


C— CHj— CHj— O— P— O— P- 

i A 


CH-S 


Cocarboxylase 


% 

Weil-Malherbe (11) also has developed a method for the synthesis 
of cocarboxylase. It is based on the replacement of the alcoholic 
hydrogen group of thiamin with bromine by heating with alcoholic 
hydrogen bromide and allowing the bromothiamin to react with silver 
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pyrophosphate. He found, however, that the original method of 
Tauber (9) is more practical. 

Karrer and Viscontini (12) have found that, from the reaction 
mixture of Tauber’s (9) synthesis, the yield of cocarboxylase may 
be increased up to 55 per cent. The Swiss authors isolated the car- 
boxylase as the phosphate, rather than the chloride, wdrich was the 
procedure followed by Weijlard and Tauber (10), w^ho, by dissolving 
the reaction mixture in hydrochloric acid, split much of the pyrophos- 
phate into the monophosphate. 

Thiamin or thiamin monophosphate cannot replace cocarboxylase. 
The function of this coenzyme is not well understood. Cocarboxylase 
is a very stable compound and is very soluble. It is formed from 

thiamin and phosphate by many cells. 

Activators of the Carboxylase Enzyme System. Alkali-washed 

dry yeast is only slightly active when cocarboxylase is added to it. 
For full activity, magnesium ions or manganese ions (7) must be 
added The latter, however, activate in much greater dilutions. 
Tauber has found that, in addition to the salts mentioned, other salts 
have some activating property. Sodium cyanide is a good activator, 
probably because it combines with the inhibitory end product, acetal- 
dehyde forming a more reactive cyanohydrin (enol) with the 
acid Greenberg and Rinehard (13) showed that cysteine, reduced 

glutathione, sodium bisulfite, and phenylhydrazine 

ase activity. These compounds also combine with aldehyde 

^^iXibltorrof Carboxylase. This enzyme is inactivated 
silver, mercuric, and antimony ions, by iodine, and by bromine (14, 15) . 
Sevag and collaborators (16) found that cocarboxylase antagonizes 
the inhibitory action displayed by sulfathiazole on the cai oxy 

ase SlcrLted tlm inhibitory effect of 322 to 63,400 

molecules of sulflthiazole on S. aureus. Sulfathiazole and pyruvate 
comnete for the active site of carboxylase. Presence or absence 
inhibition depends on which of the two substances get to the active 
site of the carboxylase first. Para-aminobenzoic acid “^^omste 
In sulfathiazole by maintaining a certain degree of inhibition of 
own on the activity of carboxylase. However, certain concentration 
of para-aminobenzoic acid display anti-inhibitory properties. 

Synthesis of " Pyl* tesrJbe and Sated in 

^rrlTro" ‘“f Cainsatio: One-half cubic centimeter 
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of orthophosphoric acid (c.p. 85 per cent) is placed in another Pyrex 

test tube and heated until a small amount of solid forms on the side 

of the tube. Then the pyrophosphate is added and the mixture is 

gently heated until solution takes place. After a few minutes of 

cooling, 200 milligrams of thiamin hydrochloride is added, and the 

contents of the tube are well mixed. The tube is placed in an oil 

bath at 155° C. and kept at this temperature for 15 minutes, its 

contents being mixed occasionally. Then the tube is removed and 

allowed to cool. The solid mass is dissolved in 10 cc. of ice water and 

adjusted to pH 6.2 with cold N sodium hydroxide. The mixture is 

then diluted to 20 cc. One cubic centimeter of this solution is further 

diluted 100 times with a phosphate buffer of pH 6.2 (S0rensen). Both 

solutions are very stable. One cubic centimeter of the final solution 

is adequate in the cocarboxylase test. For a method of isolation of 

pure cocarboxylase from the reaction mixture, see references 10, 18, 
and 12. 


Preparation of Yeast for the Cocarboxylase Test. Brewers’ bottom 
yeast is extensively washed by suspension in water and centrifugation. 
Then the washed yeast is dried at room temperature with the aid of 
a fan. Washing with water alone, however, does not remove the 
cocarboxylase; alkaline washing must also be applied. To 2 grams 
of dry yeast in a 250-cc. centrifuge flask, 100 cc. of 0.1 M Na 2 HP 04 
at 30 C. is added, and the flask is shaken in a shaking machine for 
12 minutes (7). Then the mixture is centrifuged, and the supernatant 
fluid is discarded. This procedure is repeated, and the yeast is washed 
for 3 minutes with 100 cc. of water at 30° C. The cocarboxylase- free 
yeast is suspended in 20 cc. of phosphate of pH 6.2 and is now ready 
for use. For the cocarboxylase test, the manometric method of War- 
burg is used (7). One cubic centimeter of the yeast suspension and 
1 cc. of cocarboxylase in phosphate of pH 6.2 are placed in the main 
compartment of a 17-cc. Warburg vessel. In the side arm is placed 
0.5 cc. of sodium pyruvate (5 milligrams of pyruvic acid containing 
0.1 milligram of magnesium as MgCla) . The vessel is connected with 
a Warburg respirometer, and, after equilibrium has set in, the pyru- 
vate IS washed in from the side arm. Carbon dioxide formation may 
be measured in an atmosphere of air. Nitrogen may also be used 
as^The gas. Decarboxylation is exceedingly rapid under both con- 
ditions. It differs somewhat, however, with the nature of the veast 
and other conditions. 


Pure, synthetic cocarboxylase is 
and Co., Rahway, N. J.). 


now commercially available (Merck 
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OTHER DIPHOSPHOTHIAMIN ENZYMES 

Barron (19) lists a large number of reactions as being catalyzed 
by different diphosphothiamin enzymes, all acting on pyruvic acid, 
resulting in the following end products: acetaldehyde plus carbon 
dioxide; acetate plus carbon dioxide; lactate plus acetate plus carbon 
dioxide; acetate plus formate; acetylmethylcarbinol plus carbon diox- 
ide; carbohydrate; citrate; acetoacetatc ; succinate; and a-ketoglu- 
tarate. In addition to these reactions, the conversion of a-ketoglu- 
taratc to succinate is said to be catalyzed by a specific diphosphothia- 

min-containing enzyme system. 


THIAMIN METABOLISM OF ANIMAL TISSUES IN VITRO 

In 1938 Tauber (20) showed that cocarboxylase is very rapidly 
hydrolyzed in vitro by beef-kidney tissue, and that, when large quan- 
tities of tliiamin arc ingested by humans, most of it is soon excrete 
in the unphosphorylated state. He has found also that acetone- 

treated pig duodenal mucosa has the ability to attach the Py^®: 

P late gimp to thiamin. Cedrangolo and Villano (21) reported that 
an extract of rat kidney in phosphate buffer of pH 8.4 containing a 
trace of arsenite converts thiamin readily to cocarboxylase. 

Wcstenlirink and coworkers (22) have reported that the optimum 
v\\ for the hydrolysis of thiamin orthophosphate by crude autolyzates 

ofox kidney and ly purified ox-kidney phosphatase is at 7.3 and at 6.5, 
respectively. The optimum pH for the removal of the first phosphate 

raclical from ll.iamin pyropliosphatc l.y puriflod '‘■' "''5' 1’'’"*''““° 
wnq 5 8 whereas when R-glycerophosphatc was employed as the sub 

Zf! tre orrilm pH w” at 9.0. Tina indicate, that .he enzyme 
prepalation contained only “ alhalinc phosph.ataso or the _ 

‘‘kidney phosphatase.” The substrate aiipears to have a very pio- 

nounced effect on the optimum pH of the phosphatase. 
removes the two phosphate groups of cocarboxylase one by one, 
thiamin orthophosphate being an intermediate in the reaction. T p 
yeast phospl.atase acts sin.ilarly. The deeompos.tion of 

^ ereas phosphate ions have no effect on the enzyme. No oigan 
was found that did not decompose cucarboxylasc. The 

affected by the tissue phospluitascs than free cocarboxy ase. _ Tlv 
:pZum pH for the syn«.esi. of ..earboxylas. f,-om th.amm by 
minced liver and kidney of rats and pigeons is at 6.5. 
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HYPOGLUCEMIC ACTION OF COCARBOXYLASE 

Roux and Teysseire (23) found that in guinea pigs, rabbits, and 
dogs the intravenous or subcutaneous injection of 3 to 8 milligrams 
of cocarboxylase per kilogram caused a 20 to 40 per cent decrease in 
blood sugar after a delay of about 7 hours. Roux and associates (24) 
reported that the intramuscular injection of a single dose of 100 to 
400 milligrams of thiamin pyrophosphate produced an important drop 
in blood sugar and glucosuria of the human diabetic. The effect was 
maximum between the eighth and twelfth hour after the injection. 
This would, in part, explain the favorable results reported in diabetes 
with bakers’ yeast (see Chapter XVI). 


PHOSPHOPYRIDOXAL ENZYMES 


Amino Acid Decarboxylases of Bacteria 

It has been known for many years that bacteria can decarboxylate 
amino acids. This type of decarboxylation results in the formation 
of the corresponding amine and carbon dioxide. The following are 
two examples: 


(1) NH 2 CH 2 CH 2 CH 2 CH 2 CHNH 2 COOH ^ 

/(H-)Lysine 

NH2CH2CH2CH2CH2CH2NH2 + CO2 

Cadaverine 


( 2 ) 


HO 



^CH2CHNH2C00H 


l( — )T5rroame 


HO 



^CH 2 CH 2 NH 2 + CO 2 


Tyramine 


other substrates that are rapidly decarboxylated by washed sus- 
pensions of bacteria are i(+) ornithine to putrescine, (( + ) arginine to 
agmatine, i(—) histidine to histamine, i(-l-) glutamic acid to y-amino- 
butyric acid, etc. If the reaction medium is kept at an acid pH, 
the carbon dioxide that is liberated may be conveniently measured 

manometrically. All bacterial decarboxylases are most active at 
pH 2.5 to 6.0. 

Bacterial amino acid decarboxylases are present in various bacteria. 
Gale (25) lists the following conditions for the formation of these 
enzyme systems. The organism must possess such enzymes in its 
potential enzymic constitution ; growth must take place in the presence 
of the specific substrate (adaptation). The organism must be able 
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to synthesize codecarboxylase or, if unable to do this, must conUm 
certain factors necessary for the synthesis of codecarboxylase. The 
growth medium must be acid. Some organisms require a temperature 

lower than 30° C. in order to form the enzymes. ^ i 

Gale (26) has described methods for obtaining cell-free bacterial 

preparations of i( + )argmine, i( + )omithme, and l(+Ulntam.c acid 
decarboxylase. Arginine decarboxylase has its optimum pH at 5.25 
ornithine decarboxylase at pH 5.25, and glutamic decarboxylase at 
pH 4.25. Arginine decarboxylase may be resolved into apoenzyme 
and codecarboxylase by precipitation with ammoniacal ammonium 
sulfate solution. Ornithine decarboxylase resolves spontaneously on 
standing into apoenzyme and codecarboxylase. 

Tryptophanase 

This ennymo may bo prepared tr„m Racterimn coli or from Escheri- 
chia coli Wood and associates (27 1 prepared tryptophanase flee of 
elTs and semi-pure from B. coli. The ensyme has been -""i 
shown to require pyridoxai pilospliate as the eoenzyrae. Tryptophan 

asc catalyzes the following reaction. 

Tryi)tophanc indole + pyruvic acid + ammonia 

No oxidation takes place in this reaction. Alanine or serine do 
not occur as intermediates. 

Codecarboxylase-Pyridoxal Phosphate 

Members of tlie Department of Bacteriology at ‘'''j 

^rC”rar”ii:T=iifa:irix 

ase is pyridoxal orthophosphate. 

Glutamic Acid Decarboxylase of Plants 
nkimuki (30) discovered, in various higher plants, an enzyme which 

Stly. Lhalcs and coworkers (31) have extensively studied this 
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enzyme. The distribution of glutamic acid decarboxylase in 34 differ- 
ent plants was determined. Squash, avocado, and green pepper were 
found to be the best sources for this enzyme. However, clear solutions 
of the decarboxylase could be obtained only from carrots. The enzyme 
was separated into apoenzyme and coenzyme by dialysis at pH 6.4. 
Pyridoxal and minute quantities of pyridoxal phosphate restored the 
activity of the apoenzyme. The glutamic acid decarboxylase from 
carrots is most active at pH 5.3 to 5.9. It is inactive beyond pH 4.0 
and 7.5 (32). The reaction kinetics of this enzyme system has also 
been investigated. 

Schales and Schales (33) have published a procedure which utilizes 
glutamic acid carboxylase of squash for the quantitative determina- 
tion of i(-|-) glutamic acid. The unnatural isomers of glutamic acid 
and other amino acids are not attacked and do not interfere with 
the rapid liberation of 1 mole of carbon dioxide from 1 mole of glutamic 
acid. The method is useful in the determination of glutamic acid 
in protein hydrolyzates. This paper contains a simple procedure 
for the preparation of the enzyme in dry form from squash. Decar- 
boxylation of glutamic acid is carried out in the Warburg apparatus 
at 37 C. and pH 6 to 7. Carbon dioxide liberation starts immediately 
and is completed after 20 minutes. The results obtained with this 

method check well with data obtained by chemical and microbiological 
procedures. 

Glutamic acid appears to be an important metabolic link. The 
amino acid is present in most animal and plant proteins. About 
4,000,000 pounds of monosodium glutamate is used annually, chiefly 

to impart a meat flavor to foods. Owing to these facts, the method just 
mentioned should And wide application. 


Mammalian Decarboxylases 

Histidine Decarboxylase. This enzyme is present in high concen- 
trations in the kidney of guinea pig, rabbit, hamster, and mouse 
However, the enzyme could not be found in the kidney of sheep, horse' 
cow, dog, or cat (34). Histidine decarboxylase changes ((-f) histidine 
into histamine, a toxic substance. The optimum pH for this decar- 
boxylation is at 8.6 to 9.0. The enzyme is reversibly inhibited by 
cyanide but not by carbon monoxide. Ketone reagents strongly inhibit 

histidine decarboxylase. It is believed that the enzyme contains an 
active carbonyl group (35). 

Phenylalanine Decarboxylase. Schapira (36) found that guinea- 
pig liver, kidney, adrenals, heart, and muscle, and beef adrenal medulla 
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decarboxylating and phosphopyridoxal enzymes 

contain enzyme systems which at pH 7.7 simultaneously decarboxylate 
and deaminate /.( — ) phenylalanine and form phenylacetaldehyde 
recognizable by its hyacinthlike odor, d ( + ) Phenylalanine is attacked 
only slightly or not at all, depending on the kind of tissue extract 

employed. ^ , 

Other Mammalian Amino Acid Decarboxylases. Enzymes, which 

may or may not be specific decarboxylases, have been described to be 

present in mammalian tissues, acting on tryptophan, cysteic acid, dopa, 

and tyrosine (37-40). 


TRANSAMINASES OR AMINOPHERASES 

These enzymes arc of major biological importance. The process of 
transamination in animal and plant tissues ^as first o^seiwed by 
Braunstein and Kritsman. These investigators (41) showed that this 
is a reaction between an a-amino acid and an a-keto a,cid, resu mg 
the transfer of the amino group of the ammo acid to the a-keto 

acid (24) : 

K.CH(NH.)C00H + ^ H.CH(NH.)C00H 

Their experiments suggested that the transamination of gl'^tamic 

acid and aspartic acid requires two specific enzymes. ^ 

coworkers (42) have obtained two specific enzymes, m fairly puie state, 
from pig heart. One enzyme catalyzed the reaction: 

Glutamic acid + oxalacctic acid ^ ^p^rtic acid 

s 

This cncymc was named aspartic-glutomic 
enzyme, alanine-glutamic transaminase, catalyzed tiic leaction. 

Glutamic acid + pyruvic acid «-ketoglutaric acid + alanine 
The specificities of those enzymes are different 

G " en ani alclls («) shoLd that both pig-heart transammatmg 

rd^Mhuls T43) "atdtd'ThrrrroTrfoliowing reactions, 

uaPn^tmotStrssuct’of rat brain, liver, kidney, ske.eta, muscle, 
and heart muscle. 
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( 1 ) 


( 2 ) 


( 3 ) 


Z(+)Glutamic acid + oxalacetic acid 


a 


a-ketoglutaric acid + ^( — ) aspartic acid 


Z(+) Glutamic acid + pyruvic acid 


a 


a-ketoglutaric acid + Z(+)alanine 


Z( — ) Aspartic acid + pyruvic acid 


a 


oxalacetic acid + Z(+)alanine 


Reaction la proceeded at the fastest rate in all tissues studied, heart 
muscle being most active. Reaction Ih proceeded at a rate one-half to 
one-third that of reaction la in the different tissues. Reactions 2 and 
3 were very slow as compared with reaction 1, values being considerable 


TABLE XXV 

Qm Values of Bacillus coli, Animal, and Plant Tissues 


Tissue 

Qtn 

Bacillus coli 

3,900 

Oat seedlings (96 hr.) 

5,650 

Brain (rat) 

2,800 

Liver (rat) 

2,200 

Kidney (rat) 

1,750 

Heart muscle (rat) 

3,330 

Purified transaminase (beef heart muscle) 

10,300 


only with liver tissue. Lichstein and Cohen (44) reported experiments 
showing that a potent transaminase system, which catalyzes reaction 1, 
IS also present in various bacteria and in higher plants. Some of these 
results are summarized in Table XXV and are expressed as Qtn values. 

„ microliters a.spartic acid formed 

y^TN — — . 

milligrams N X hours 

Aspartic-alanine transaminase, as described by earlier workers does 
not exist The reaction attributed to this enzyme occurs through the 
combined action^ of aspartic-glutamic transaminase and alanine- 
glutamic transaminase with glutamic acid functioning as a link (45). 


Oxalacetic Carboxylase or /8-Carboxylase 

This enzyme is present in most living things. The experiments of 
Werkman and of Evans and their coworkers have shown that oxalacetic 
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carboxylase is one of the enzymes responsible for the fixation of carbon 
dioxide: 

CO2 + CH3COC00H ^ C00HCH2C0C00H 


Pyruvic acid 


Oxalacetic acid 


Here carbon dioxide is fixed to pyruvic acid, producing oxalacetic 
acid However, carbon dioxide fixation is much more complex than tins, 

since other substrates also interact. For an 

review by AVood (46) should be consulted, \cnncsland and I els 
(47) found that tlic crystalline globulins of squash and pumpkin scec s 
showed oxalacetate carboxylase activity. Manganous chloride is nec- 
essary for the activity of the dialyzed enzyme. This enzjme docs 

not apiicar to require cocarboxylase for its action. , , 

Recent findings show that adcnosinctriphosphate accelerates he late 
„f C’4()., fixation in oxaloacetate (481. There is evidence at hand 
indicating that a biotin-containing enzyme is involved 111 carbon dioxic e 

fixation (49). 
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CHAPTER XV 


HYDRASES, MUTASES, AND OTHER ENZYMES 

Hydrases and Mutases 

These enzymes, unlike the dehydrogenases, do not remove hydrogen 
from their substrates, but add water to them. When the action is 
reversed, they remove water. In this manner, these enzymes can 
either oxidize or reduce. When water is transferred to the substrates, 

they become available for attack by other enzymes. , i + 

Aconitase. This hydrase is present in various animal and plan 

tissues. Human and dog prostate are very good sources ( , )• 

Martius and Knoop (2) demonstrated that the aconitase enzyme sys- 
tem changes citric acid to cisaconitic and J-isocitric acid The reactio 

is a reversible one. Barron and Huggins (1) prepared ^ 

grinding prostate glands with sand and 5 volumes of 0.1 M phosphate 
of uH 7 4 The mixture was centrifuged, and the clear superna an 
auid was diluted so that it contained about 5 milligrams of ti^ue p^ 

of 0 1 jVf phosphate buffer of pH 7.4, and 4 cc. of water. The samples 
were incubated at 37.5° C., and the citric acid ™ 

fcirforration was linear. In 60 minutes, 0.5 micromoles of c.tnc 
acid was produced by the aconitase from human hypertrop ic 
Thp aconitase from dog’s prostate formed 4.7 micromoles. 

(3) reported the following aconitase values of tissue 

lung, 14.5; rat brain, 10; human hypertrophic prostate, 74, and dog 

prostate, 43. Barron and Huggins found that there is a lac 

Lid oxidation in human prostatic tissue, f * _lLd 

aconitase content, there is an accumulation of "f^/^^man Lo- 

La?" adenoma was about 645 milligrams per 100 grams 

of human prostatic cancer, 74 milligrams; and that of dog s prostate, 

^ ^Glyoxal^se. This ketoaldehyde mutase is widely distributed m 
nature. Liver and yeast are good sources. Glyoxalase conve 

OAA 
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methyl glyoxal into lactic acid : 

CH3COCHO + H2O = CH3CHOHCOOH 

Lohmann (4) discovered that glutathione functions as a coenzyme 
of glyoxalase. He prepared glutathione-free glyoxalase by extracting 
liver tissue with sodium acetate buffer, adjusting the extract to neutral- 
ity with sodium bicarbonate, followed by dialysis. By adding 5 
volumes of alcohol to the dialyzed extract and drying in vacuum, an 
enzyme preparation of only fair stability was obtained. Glyoxalase 
solutions are not very stable, either. They may not be kept for more 
than a few days in the refrigerator without losing most of their activity. 

Fumarase. This hydrase is present in most living things. Bodur 
(5) found it in many fruits and seeds. The largest amounts of the 
enzyme were found in plum and apple fruits. Leaves and roots, how- 
ever, were lacking in fumarase. Liver and muscle are very good 
sources (6). Fumarase acts as an oxidase when it adds water to 

fumaric acid, converting it to 1-malic acid, and as a reductase when the 
reaction is reversed: 


CHCOOH 

COOH 

+ H2O ? 

I 

:±CHOH 

CHCOOH 

CH2 


1 

COOH 


Clutterbuck (6) prepared muscle fumarase by extraction of the 
washed tissue with ilf/15 disodium phosphate, adjustment of the pH 
to 6.5 with acid in order to remove the succinic dehydrogenase, filtra- 
tion, precipitation with ammonium sulfate, and dialysis. Fumarase 
is a quite stable enzyme. It does not require a coenzyme. The kinet- 
ics of the reversible reaction was extensively studied by Jacobsohn (7) 
and by Davydova (8) . The latter investigator found that the forma- 
tion of Lmahc acid from fumaric acid is accelerated by phosphate 
arsenate, and magnesium ions. The position of equilibrium is not 
altered. The ions Cl, NOg , I, and CNS have an inhibitory action. 

Aldehyde Mutase. This enzyme is present in yeast and in liver. It 

changes two molecules of any aliphatic aldehyde by simultaneous oxi- 
dation and reduction (Cannizzaro reaction) into one molecule of acid 
and one molecule of alcohol : 

2 CH 3 CHO -I- H 2 O = CH 3 COOH + CH 3 CH 2 OH 
Aldehyde mutase, unlike xanthine oxidase, does not attack aromatic 
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aldehydes. lodoacetate destroys the mutase, but not the oxidase, 
whereas cyanide is toxic to xanthine oxidase but not to the mutase. 
Aldehyde mutase requires codehydrogenase I, but not the oxidase (9). 
Higher plants, such as peas, contain an aldehyde mutase that does not 
require codehydrogenase I. It acts on both aliphatic and aiomatic 

aldehydes, and is inactivated by iodoacetate (10). 

Enolase. Dialyzed muscle extract and yeast contain an enzyme 

which converts 2-phosphoglyceric acid into the enol form of phos- 
))hopyruvic acid (11) : 


CH 2 OH CH 2 

CHOPO(OH)2 ^ C0P0(0H)2 + H 2 O 

COOPI COOH 

2-Phosphoglyccrio acid Phosphopyruvic acid (cnol) 


Warburg and Christian (12) obtained the mercury salt of enolase 
of yeast in crystalline form. The yield was 1 gram of crystaUme 
enzyme per kilogram of dried brewers’ yeast. This enzyme was inac- 
tive However, when freed of mercury and combined with magnesium, 
manganese, or zinc ions, the enzyme became active. At equilibrium, 
the ratio of phosiihopyruvic acid to 2-phosphoglyceric acid is 1.43. 
Fluorides inhibit the action of enolase provided that phosphate 01 
arsenate is present. Pyrophosphate inhibits enolase considerably. 
This enzyme interacts with phosphoglyceromutase, which changes 
3 -phosphoglyccric acid into 2 -phosphoglyceric acid by mutation. 


Carbonic Anhydrase 


This enzyme is found in traces in most tissues of all vertebrates and 
in the tissues of some invertebrates. The enzyme is present in very 
high concentrations in erythrocytes. Purified preparations of carbonic 

anhyilraso l.avc only 150 times 

when the two arc compared on dry-weight basis (13). L g q 
tics of the enzyme arc also present in the gastric mucosa, the pancreas, 
and "ho kidney cortex of vertebrates. Carbonir. anhydrase plays an 
important role in the carbon dioxide transport of the blood, involving 
rm equilibrium in the body. The enzyme “PP™". » h"- 
an important function also in the shell-torming organs "f tods It 
has been reported that the enzyme also is present m some plants (14 . 
Carbonic anhydrase was discovered b^y Mehhum and Roughton 
It catalyzes the reversible reaction HaCOa + 2 • 
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Preparation. Keilin and Mann (13) purified the carbonic anhydrase 
of erythrocytes. They washed red blood cells with 0.9 per cent sodium 
chloride and laked them with distilled water. The hemoglobin wa.s 
precipitated with a mixture of alcohol and chloroform. The carbonic 
anhydrase remained in solution. This solution was further purified 
with lead acetate, calcium phosphate, and alumina gels. In this paper, 
a second procedure is given, which uses fractional precipitation with 
ammonium sulfate and purification with alumina gel. 

Properties. The purified enzyme is a zinc-protein compound con- 
taining 14.8 per cent nitrogen and 0.3-0.33 per cent zinc. Keilin and 
- Mann consider this preparation as either pure or almost pure enzyme. 
Scott and Mendive (16, 17), however, claim that carbonic anhydrase 
contains only 0.2 to 0.23 per cent zinc. Their enzyme preparation 
appears to be 4 to 4.5 times more active than the purest preparation 
of Keilin and Mann. The latter authors (18) point out that Scott 
and Mendive estimated the anhydrase activity in the presence of pep- 
tone, which stabilizes and also doubles the activity of the freshly 
diluted purified enzyme. Keilin and Mann observed that crystalline 
carbonic anhydrase of Scott and Fisher (19) were merely compounds 
of the enzyme with the bases piperidine, isoamylamine, and n-amyl- 
amine, and that the crystals were completely inactive. The same type 

of crystals can be obtained even with gelatin and the bases, instead of 
the carbonic anhydrase. 

Kinetics. Roughton and Booth (20) improved the manometric tech- 
nique for measuring carbonic anhydrase activity, and they described 
applications of the procedure to the study of the kinetics of the enzyme. 
The Michaelis constant was found to be independent of pH, its value 
being at 0° C. 0.009 M CO 2 ± 0.001. The pH activity curve, using 
the buffers cacodylate, phosphate, veronal, and dimethylglyo'xaline, 
showed a minimum between 6.0 and 7.0 and was still rising at pH 10.0.' 
The anions of a series of neutral salts, such as sulfate, chloride, bromide^ 
nitrate, and iodide, were inhibitory at pH 7.4 and of 0.02 to 0.1 M con- 
centrations. The anions of most carboxylic acids were inhibitory also. 

Activators and Inhibitors. Potassium cyanide, hydrogen sulfide, 

and sodium azide inhibit in small concentrations. These compounds 

are known to react in this manner with metals. Shaking inactivates 

carbonic anhydrase solutions, both in air or in inert gas. Proteins and 

peptones exert more or less protective action, but not starch and glyco- 

gen (21). Cysteine, glutathione, histidine, and histamine increase the 
activity of undenatured carbonic anhydrase. 

contributed a very extensive review concerning 
the distribution and role of carbonic anhydrase in various tissues. 
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HYDRASES, MUTASES, AND OTHER ENZYMES 

Aldolase 


The enzyme aldolase is widely found in nature. It splits fructose- 
1, 6-diphosphate into the two triosephosphates, dihydroxyacetone phos- 
phate and phosphoglyceric aldehyde: 

CH 2 OPO 3 H 2 

HOC 

HOCH 

I O 

HCOH 

HC 

CH20P03Na2 

Fructose-l ,6-diphosphorio 

acid 

This reaction is reversible. For the reaction to the left dihydroxy- 
acetone phosphate is necessary, whereas for the reaction to the right 
fructose-1, 6-phosphate is required. Warburg and Christian (23) have 
been able to obtain adolase in pure crystalline state from an aqueous 
extract of rat muscle by fractionation with acetone and ammonium 
sulfate. The pure enzyme is not affected by complex formers such as 
pyrophosphate, and cysteine. The partly purified enzyme of yeast, 
however, is inhibited by them. 


CH2OPO3H2 


HC :0 


C :0 


+ 


HCOH 


CH 2 OH 


CH2OPO3H2 


Dihydroxyacetone 
phosphoric acid 


Phosphoglyceric 

aldehyde 
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CHAPTER XVI 

YEAST: PRODUCTION AND UTILIZATION 


Yeasts are classified as budding fungi and are divided into spore- 
forming or true yeasts, such as the family of Saccharomycetaceae, and 
the non-spore-forming or false yeasts, such as the Torulopsidaceae, 
Rhodotorulaceae, and Nectaromycetaceae. There are many genera 
in the group of true yeasts, and a great number of species and strains. 
Commercially, only one genus is of interest, Saccharomyces. These are 
divided into top and bottom yeasts. The top yeasts, which are used in 
distilleries, and in the manufacture of compressed yeast and some beers, 
are so called because, at the end of fermentation, they collect at the 
top of the fermented mash. The bottom yeasts, which are used in the 
making of wine and certain beers, separate at the end of fermentation 
on the bottom of the fermenting vessel. Both types of yeast, however, 
contain many related strains of varying grades. The general opinion 
IS that top yeasts are much more resistant than bottom yeasts. 

THE YEAST CELL 

The individual yeast cell supplies itself with food (from a suitable 

are interested mainly 

in the industrially important Saccharomyces cerevisiae. The form of 
the yeast cell depends upon the environment and age of the culture as 
does the shape, which may be elliptical, spherical, ovoid, or elongated. 
The size of the yeast cell also varies, and it may be from 2 to 25 
microns The cell wall is non-living, permeable matter, containing 
hemicellulose and yeast gum. Next to the cell wall is the plasma 
membrane, a living, protemous liquid structure. This membrane the 
p asma membrane is permeable to certain solutions only. Protoplasm 
inside the cell contains protein, glycogen, lipids, amino acids, vitamins 
(growth factors), a very large number of enzymes, numerous other 
organic substances, and inorganic salts. Figure 17 shows the appear- 
ance of the yeast cell under various conditions (1). 


THE REPRODUCTION OF YEAST 

Sporulation Method for S. Cerevisiae. Lindegren and Lindegren 
(2) suggest the following presporulation medium: ^ 

269 



70 


YEAST: PRODUCTION AND UTILIZATION 



■ 

Fia. 17. o. Budding vegetative yeast cells at tho logarithmic stage of growth show 

tr « oinirlo vacuole characteristic of this condition. , . , 

b Budding yeast cell in the lag phase showing the apparently multiple ^acuo 
suiting fZ deformations of the single vacuole by interference of reserve matenah 
c Dormant vegetative yeast cells loaded with fat. and glycogen, giown 

.orulatiori agar; the dark color is glycogen stained with iodine. .,,„„„ole 

d. Germinating dormant cells from presporulation agar, showing t 

peaking through the enclosing network of fat and glyoopn. 
e Cells loaded with fat by growth in aerated sugar solution. 

i’ S':: roducoa .o.d»a 

Tsi ::/z “pf-r do— „ 

acuole by the reserve materials. 
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Beet-leaf extract 

10 cc. 

Beet-root extract 

A 

20 cc. 

o 

Apricot juice 

35 cc. 

Grape juice 

16.5 cc. 

Dried yeast 

2 grams 

Glycerin 

2.5 cc. 

Agar 

3 grams 

CaCOg 

1 gram 

Water to make final volume of 100 cc. 


The mixture is steamed for 10 minutes and tubed. The tubes are 
sterilized at 15 pounds for 20 minutes, and slanted. Most strains pro- 
duce spores on these slants within a few weeks. For rapid sporulation, 
a mixture of 100 grams of plaster of Paris and 100 cc, of water is 
poured in test tubes and solidified in a slanting position. These slants 
are dried at 50° C. for 24 hours and then autoclaved. 

From the presporulation medium, the transfer is made by adding 1 cc. 
of sterile water over a 3-day growth of yeast. After 10 minutes^ stand- 
ing, a suspension is made by stirring the cells in the supernatant water. 
The yeast suspension is taken up in a pipet and poured over the upper 
portion of the gypsum slant. About 3 cc. of sterile water, containing 
sufficient acetic acid to produce a pH of 4, is pipetted into the lower half 
of the gypsum slant. The inoculated slants are kept at 25° C. for 1 to 
2 days. The asci may be smeared on a slide from the gypsum slant, 
fixed by heat, stained in carbol fuchsin for 20 minutes, and rapidly 
washed in 30 per cent acetic acid. After rinsing with water, methylene 
blue is applied as a counterstain. This method stains the spores red, 
and the vegetative cells blue. On this sporulation medium, hetero- 
zygous, legitimately diploid cultures produce an excess of viable 
4-spored asci. Genetic analysis requires an abundance of such 
4-spored asci. 

Hybridization of Yeast. About 1900, E. C. Hansen showed that, in 
yeast, a sexual process takes place which is similar to that in higher 
plants and in animals. J. Satava (3) , Winge and Laustsen (4) , and 
Lindegren (5) have found that, when yeast sporulates, a genetic segre- 
gation of spores takes place in such a- manner that the spores in any 
ascus differ genetically ; this process is compa,rable to the formation of 
gametes in higher plants.. When two yeast spores fuse during germin- 
ation, fertilization takes place. Because of this, we cannot be certain 
that a pure yeast culture will keep uniform, even if the culture origi- 
nates from a single yeast cell. If the yeast is permitted to form spores 
new types may segregate. This is true, for example, with all species 
of Saccharomyces (bakers’, brewers’, distillers’, and other yeasts). 
Winge and Laustsen used a microscope and a micromanipulator for the 
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isolation and fusion of spores. These investigators have shown that 
the yeasts just mentioned are diploid (having a double set of chromo- 
somes) during most of their life cycle and change to the haploid phase 
(having a single set of chromosomes) by reduction division just before 
sporulation. On germination by the conjugation of spores or of 
descendant cells, the diploid phase is restored again. In Zygosaccharo- 
myces, however, the diploid phase is short, lasting only from zygote 
formation until spore formation, and the vegetative or budding phase 
is haploid Lindegren (5) has extensively studied yeast hybridization. 
He found that, by the method of Winge, copulations occur only rarely. 
He gave a scries of reasons for this and developed a new procedure. 

Lindegren’s Hybridization Method (5). Different haplophase 
cultures arc mated in 0.5 cc. of broth culture in a culture tube. A large 
drop of cells from a heavy broth suspension is placed in the tube wnth a 
second large drop from a different broth suspension. The test tube is 
kept at 23° C. in an incubator for 24 hours and examined for copula- 
tions. The following medium is used: 

Glucose 

Yea.st extract powder 3-D 

(Anheuser-Busch Inc.) 

Bacto jiciitone 

KH2BO4 

CaCl 2 

MgS04 

Sodium lactate (50 per cent) 

Dilute to 1 liter with distilled water, pn o.J. 

Lindegren observed that a considerable number of haplophase cul- 
tures isolated from different strains of bakers’ yeasts and from 
h ^own hybrids, were mated in nearly all possible variations The 

experiments of Lindegren and associates have proved that ^ ^ 
of genes dominates copulations among the types of yeasts studied. 

There were only a very few illegitimate matings. 

Undesirable Effects. Under normal commercial 

■■ - cuploic, .cart cj4. ^ ' 

'''''"Tonally'”^™"” arclllowcd to sponilatc during fennontation. 

;pV:tdt 

rllrcd to slight quantities of the undesircd type that may occm as 
roMaminanta, would not produce any harmful cffccta. In some plants, 


40.0 

grams 

2.0 

grams 

3.0 

grams 

0.133 

; gi'am 

1.S6G 

i grams 

0.25 

gram 

0.125 gram 

1.0 

gram 

r, ?>H J 

5.9. 
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however, the stock cultures are frequently changed in order to assure 
the constancy of the product. 

Desirable Applications. Previously, superior yeast types were 
selected from those found in nature. Now, however, there is evidence 
that, by proper crossing and combining of desirable characteristics, new 
industrial types may be developed in the laboratory. Wingc and 
Laustsen (6) found that the function of a yeast to produce a certain 
enzyme, such as invertase, rafRnase, and melibiasc, was always a domi- 
nant factor. Thus, if a given yeast type with the ability of forming 
one of these enzymes was hybridized with another type not having this 
ability, the hybrid always possessed the ability to produce the particu- 
lar enzyme. A typical top yeast may form a typical bottom yeast 
from its ascospores. Thus, there is no exact line of demarcation 
between top yeast and bottom yeast. The brewers’ yeast tjq:>es, which 
were developed by continuous selection of mutants, have become 
increasingly suitable to the brewing industry. Owing to mutation, 
most of these types of yeast have lost the ability to sporulate. Thus, 
it will be necessary to attain further improvement, to utilize the spore- 
forming types, and to apply hybridization by making use of their 
natural tendency to mutation (7). This is Lindegren’s (8) view con- 
cerning yeast hybridization: “By hybridization, we are able to deal 
with the factors responsible for each fermentation like separate units, 
and thus produce yeasts ‘ made to order.’ ” Winge and Laustsen (6) 
were the first to produce a superior baking yeast by hybridization. 
This yeast is now being used commercially. 

Vitamin-synthesizing deficiencies of S. cerevisiae are corrected by 
hybridizing it with a species that is able to synthesize the deficient 
vitamin. Most strains of S. cerevisiae are unable to synthesize biotin, 
and some cannot produce pantothenic acid. Lindegren and Lindegren 
(9) have studied a culture of S. carlsbergensis which synthesized large 
amounts of pantothenic acid and biotin but could not produce pyridox- 
ine, which S. cerevisiae synthesized well. Haplophase cultures ob- 
tained from S. carlsbergensis could produce biotin and pantothenic 
acid but not pyridoxine. These were mated with haplophase cultures 
of S. cerevisiae, which produced pyridoxine but not biotin or panto- 
thenic acid. The resultant hybrid synthesized all three vitamins in 
large quantities. 

There are possibilities also that new types of yeast can be produced 

by mutations effected by irradiation, X-rays, or radium emanations or 

by treatment with certain toxic chemicals, such as lithium chloride 
and cyanide. 
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THE MANUFACTURE OF COMPRESSED YEAST 


In tlu' Unitt'd Stati-s, 2:30, 000 .000 pound 

. . 1 • ,1 \ 


i ' 






per year (10). Most of it is used in the hakiiiLU hr. wuej. and nn ..lio! 
industries. Some of tin- yeast is employed a> a ^..ure. m vitaimn-: 
some, in the manufaeture of soluble pr..tein>; s..m. . m tin manuiaetme 
of glutathione, mieleie acid, enzymes, etc. Kxtraet- ol y. a-l are u-« u 

in the jrreparation of meilia for baeteiia. 

Commcrciallv, the most im|iortant yeast- are beer yeast di-tiller- 

veasts, bakers’ yeasts, and wine yeasts. The yeast manuiaeturer is 

interested only in the type called Saccharowurr.^ rereeeyue. I lus 

group contains a large number of strains. The isolation and presc rx a- 

tion of the proper strain are of great importance. 

During the war, great quantities of active dne<l bakers yeast were 

produced for the amied forces. Dried bakers’ yeast is about 8a per 

cent as actiye on dry basis as fresh bakers yeast. The diied >eas 

Teeps L several months without refrigeration and is more economical 

Molllies- Ammonia Process. The molasses-ammonia process 

originated by Havduck is the most widely used method for the manu- 
facL-e of compressed yeast. In this process, molasses (cane or su^ 

aZnJlhaf C" etely parallel the yea^t «.e. AlO^^ 

only small amounts of alcohol are formed by this proce.., > 

yeast is very high. between pH 3 and pH 

The most favorable pH tor yeast gro romnletely 

4 5. If an acid pn ^^^onium hydroxide or another alkali 

eliminated, bulluric acia a ammonia is continuously 

used by the growing yeast, and, as a result, the mash becomes 

more acid and must be neutrahz^. 

The temperature is controlled by coolmg P ^ 

tamers. The *'.'”'’''”^M'‘thryeast is separated from the 

employed. When growth u and pressed. Flour 

wort by filtration or centrifugation and is wasnea 

may be added to the yeast manufacture by the 

The following is an improved version oi yec«= 

molasses-ammonia process ( 12) . 
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One thousand three hundred and twenty-three pounds of yeast is 
brought to an acid content of 2 degrees, and the yeast is allowed to 
stand for 1 hour. Then 8000 gallons of water is placed in a container 
of 16,000-gallon capacity. The acidified pitching yeast is added to the 
water and is well mixed. Twenty cc. of the wort requires 0.35 cc. of a 
N /IQ sodium hydroxide solution to become neutral to litmus. The 
wortj which is still free of molasses, is aerated with 800,000 gallons of 
air per hour and is then mixed gradually during a period of 11 hours 
with 7711 pounds of molasses. Care is taken that during the first 9 
hours the wort is always slightly acid. 

Nitrogen and phosphorus are supplied in the form of 330 pounds of 
superphosphate, 99 pounds of ammonium persulfate, and 25 gallons of 
25 per cent ammonia. After the addition of the total quantity of nitro- 
gen and phosphorus (after 9 hours), 0.4 cc. of a N/\Q sodium hydroxide 
solution is required to neutralize 20 cc. of wort, litmus being used as an 
indicator. Maintenance of strong aeration causes the acidity to drop, 
and after 10 hours only 0.25 cc. of a A/IO sodium hydroxide solution 
is necessary to neutralize the same volume of wort after all the molasses 
is added. After 11 hours the wort is neutral to litmus. Aeration is 
continued for a short time. It is gradually reduced and discontinued 
after 2i/^ hours more. The yeast is now matured, and the wort is free 
of sugar and acid. Eleven thousand ninety-five pounds of wort of 
3.4° Balling is obtained. The yield of yeast is 5458 pounds, which, 
after deducting 1323 pounds used for pitching, corresponds to 53 per 
cent of the molasses used. The alcohol yield is 132 gallons or 12 
per cent of the weight of molasses employed. 

Figures 18 and 19 show two main phased of the manufacture of com- 
pressed yeast (by courtesy of Dr. C. N. Frey of the Fleischmann Labo- 
ratories) . 

Production of “ Galac ” Yeast. In order that yeast should be able 

to grow on a medium containing certain substances such as sulfites or 

other than the usual sugars, the yeast must first be acclimatized to the 

abnormal conditions. According to Nilsson ( 13) , bottom yeast may be 

readily “ trained ” to ferment galactose when cultivated on the follow- 
ing medium : 


Washed and pressed botto 

Galactose 

KH2PO4 

Na2HP04 
Yeast extract 
Water 


il 


yeast 


The yeast is grown at 25° C. Every day 


40 grams 
5 grams 
250 cc. 

5000 cc. 

r 5 dav!? inn 
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Fig. 18. Fermenting room. 
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galactose is added. By the sixth day the galactose-fermenting mech- 
anism is considerably developed and galactose is rapidly fermented by 
the yeast. This yeast may be dried at room temperature without loss 
of activity. 

Spiegelman and collaborators (14) have demonstrated that in galac- 
tose-adapted yeasts the fermentation of galactose was invariably 
associated with the adapted apoenzyme. Dialyzed Lebedew juice from 
galactose-adapted yeast fermented galactose readily, provided that 
codehydrogcnase I, hexosediphosphate, and boiled yeast juice were 
present. Yeast that was not adapted to the galactose, and was used 

under similar conditions in the fermentation test, did not ferment 
galactose. Some investigators, however, consider such a process a 

selection of strains rather than an “ adaptation ” of enzymes. 

Other Methods of Yeast Manufacture. In the Heijkenskjold proc- 
ess (15) sulfite liquor and a small amount of molasses are used as the 
raw material. In the Scholler-Tornesch process (16) wood sugar and 
added mineral salts are employed for the manufacture of fodder yeast. 

For a discussion of the large-scale production of compressed yeast as 
practiced in Germany, see reference 17. Other processes for the manu- 
facture of compressed yeast have been described in detail by Walter 
(18) . A useful monograph on pure yeast culture systems has been 
published by Laufer and Schwarz (19). See also Chapter II. Table 

XXVI shows yeast yields obtained when grown in three different media 
on a laboratory scale (20). 


TABLE XXVI 

Yields of Dry Yeast Grown in Various Media* 


Type of Yeast 


Bakers' yeast A 
Bakers’ yeast B 
Brewers’ yeast A 

Brewer's yeast A (autoclaved mediuj 
Saccharomyces logos 



WULia anomcda 
Endomyces vemalis 


* yeaet is based on glucose fermented. 


Grain 

Molasses-Salts 

Glucose-Salts 

Medium 

Medium 

Medium 

% 

% 

% 

24.3 

34.6 

18.0 

42.5 

33.6 

34.3 

34.6 

42.7 

29.0 

32.2 

• « • 


33.1 

28.0 

* • • 

21.4 

21.4 

28.6 

11.4 

40.9 

33.6 

30.6 


glucose- 

contaimng fruit juices, m beer wort, or in the following synthetic media 
after they have been sterilized at 15 pounds pressure for 15 minutes 
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A Dextrin and sugar .. . 100,00 gram 

(NH4)2S04 4.75 grains 

KH 2 PO 3 0.75 grams 

KH..PO 4 0 2% 


MgS04 0.1 gram 

CaS04 0 1 

Water to 1 liter. 


B. Sugar 15.0% 

Water 84.0% 

C. Sugar 15.0% 

Asparagine 0.7% 


MgS04 01% 

Water 83.5% 

KH 2 PO 4 0.5% 

Water 83.5% 


CaCOa 0.1% 

(NH4)K2P04 .. 0.5% 

MgS04 0.2% 

CaCOa 0.1% 


MgS04 


0 . 1 ^ 


/o 


KH 2 PO 4 


0.5% 


CaCOa 0.1% 


D. Sugar 15.0% 

Peptone 

Witte ... 0.5% 

It solid transparent media are desired 1 per cent by weight of agar or 
gelatin should be added to the above solutions before sterilisation. 

the relation of growth substances to yeast 

A number of organic ~ttHiL“Vo"r^^ 
microorganisms. Vciy small q Lni-csnic salt supply. /3-Ala- 

added to tbeir usual c-boyource ,0.000,000. 

Id \s smra'cUvc at a concentration of 1:200,000,000. Large concen- 
trations may have an inhibitory effect. , , micro- 

The requirement m factors, 

organism, the composition of magnesium sulfate 

yeasts, but not of oJy some strains of 

r c:^::'iirwCas otLs are inb^d^^ 

rum— as requires 

only thiazole. ,, . hypothetical organic sub- 

In 1901 Wildicr gave the name conception of 

stance that stimulated yeast grow . discoveries by others. 

bios is incorrect, it led the tnd 80 cut aLhol. It is 

The bios complex is soluble m waWr “-Jb ^ 

insoluble in absolute alcohol an „ith alcoholic barium 

be separated into forms an insoluble barium salt 

hydroxide solution. The fraction * „ y jj .. (24) , may 

was named “ bio, I the residual soluUon 

be further separated into '“f™ Wantieal with the optically 

i„ae"“oto.i“.T 26 ) . “inositol ifselt is genorally without effect, but it 
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increases the action of bios constituents (26). Not all yeasts respond 
to inositol, however (27). In plants such as barley, inositol is present 

as the phosphoric acid ester, phytin. 

Pantothenic Acid. Williams and associates (28, 29) have separated 
bios II with fuller’s earth into two fractions: one, which is replaceable 
by thiamin, and another fraction, named “ pantothenic acid,” which is 
not replaceable by thiamin. /3-Alanine is a part of the pantothenic 
acid molecule (30). The growth-stimulating action of this amino acid 
upon yeast is well established. On the basis of this work IMerck re- 
search chemists obtained pantothenic acid synthetically (31, 32). It 
has the following structural formula: 


CHa OH 

I . I 

HOH 2 C— C CH— CONH— CH 2 — CH 2 — COOH 

CHa 

(a,7-Dihydroxy*/9,/?-dimethylbutyryl-^-aIamde) 


Pantothenic acid is formed by condensation of a-hydroxy-;8,y3-di- 
methyl-y-^butyrolactone (a known synthetic product), with y8-alanine. 
Thiamin and inositol or a mixture of both increases the action of the 
acid on certain yeasts (33). 

Pantothenic acid is a highly active growth promoter. A concentra- 
tion of 1 : 50,000 increases the growth of yeast five times over that of the 
control experiment (29). Some yeasts are stimulated by pantothenic 
acid only in the presence of thiamin or /?-alanine. Certain yeasts that 
cannot normally produce this acid can do so when /8-alanine is the only 
nitrogen supply in the medium (34). Liver and rice bran are very 
good sources of pantothenic acid, and they appear to affect the growth 
of higher plants and animals (35, 36) . 

Biotin and Other Growth Factors. This bios factor may be 
obtained by fractionating bios with charcoal. The charcoal adsorbs 
bios II. It may be eluted with dilute ammonium hydroxide and ace- 
tone (37, 38). The unadsorbed part has been named bios III. 

Biotin and pantothenic acid are chick antidermatitis factors. They 
are not identical, however (27). 

Biotin is the most active biological substance. One part in fifty 
billion may be distinctly detected in the growth of yeast. Traces of 
it are present in all important animal organs and body fluids, as well 
as in many plants (39). Lampen, Bahler, and Peterson (40) analyzed 
the biotin content of a series of biological materials. Extraction at an 
acid pH was much more effective than water. The following were 
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f.iuivl to 1 m- tin- (Im-c lM>t sources; beef kidney containing 2500, pork 
hvi-r 2(M«I. and brc\vcr!»’ yca^t KU) nulliinicrograins of biotin per gram 
«d ciry matter. (Mlar g<HMl sources an* malt riH»tlcts l39( and leaves 

Ilf tlir birrii ( 4 1 I . 

Wimler and associates ( lit f.»un«l that biotin-deficient yeast respiretl 
and fermented at rat 4 » t>ne-tentli t«» one-twentieth of normal biotin- 
rich yeast. I'lMin bi«itin ad«lition, in the presence of ammonia, but not 
in itj* abM-nee, these inetalndic rates rose gra<lually, fermentation first, 
then n-spiratum, ami finally growth. With yeast that was only partly 
biotin «lrficient, a«lde«| biotin eausinl an iniine<lintc increase in fernienta- 
tion rate, evi-n without uniinonia. This increase wiis not a function of 
lime. Hiotin-.leficient yeast rapidly reinovcHl from stdution its eom- 
plnnent of biotin. This biotin tipinke was 4 leercns«Hl in the absence of 
ph.M.phalr or glurawe. The yeast studical was Soccharotnyccs ccrc- 

vtMtae, Kh’isrhniann strain 139. 

Chrmical \aturr oj Itwtin, Investigators at C ornell I nivcrsity 
Mdiral College and at the Seli.sil of Mialieine. Western Reserve 
I'niveniity 1431, ha%‘e foun«l in a rt»oi>erative stmly that the three 
factors known as biotin, rhtsobia tthe growth ami respiration faetorl. 
and vitamin II (Uie nnti-igg-whitc-injury factori an' one and the same 

^'^Thl^^troetural fonnula of biotin has lieen elueidat«al by D.i Vigneaud 
„nd «as.K.i«tes (review cal in reference 441. It contains a five-mem. 
bered sulfur ring with a valeric acid side chain combined with tin 
carlHin a to the sulfur. The sulfur ring U attached to a cyclic urea 

structure: 


O 



NH 


\ 


Nil 

ril 


(II, rii-(ii,-(iia-f'na-<'na-<^’<x^" 

\ / 

H 

HMifl 

fi Alanina (CH,NH,CH,COOII) and Other Fractions of Bios. 

}\uJ\\ when treatcal with charcoal, may In’ separated into two eom- 
Ints Tlie charcoal misorbate which is liberated by shaking 

with an n<|ue«.us soluth.n of acetone and ammonia has la’cn named 


PYRIDOXINE (VITAMIX B(;) AND THIAMIN 


“bios IIB,” whereas the unadsorbcd fraction has been called “ l)io.' 
IIA.” Bios IIA contains /3-alanine and leucine (4b). In the preseiiec 
of sugars, inorganic salts, ami 5 niilligrains of inositol jai' liter, 
the growth of some yeasts was stimulated by a concentration of 
1:12,000,000 of /3-alanine. Witli the addition of aspartic ;ieid, tlie 
effect was increased (47). According to Nielsen and Hartelius (48), 
/3-aIanine was toxic in the absence of asparagine or asi)artic acid. 

Nielsen and Dagys (49) reported that /3-alanine, in ordiT to func- 
tion as a growth factor for yeast, requires biotin, thiamin, asparagine, 
and glutamic acid. For the la.st two item.s may be substituted sueeinie, 
citric, tartaric, or malic acid. The action of one of these acids increases 
the functioning of /3-alaninc tenfold. 

Heating glucose and ammonium tartrate solutions together ])roduced 
a growth substance for yeast that acted like /3-alanine. It is sug- 
gested that y8-alanine itself may form during the reaction. 

The growth-promoting action is not a pro])erty of the amino grou]) 
in the p position. /3-Phenyl-/3-alanine, /t-aminobutyric acid, glycine, 
S-aminovalcric acid, or e-aminocaproic acids could re|)lace /3-alanine 
(50). Among 31 amino acids studied only /3-alanine, lysine, arginine, 
methionine, aspartic acid, asiiaragine, ami glutamic aciil stimulated 
growth. /3-Alaninc was the most effective stimulant (51). 

Pyridoxine (Vitamin B,;) and Thiamin. Williams, Eakin, and 
Snell investigated three strains of N. cerevisiae as to their j)yridoxine 
requirement in the presence of inositol, pantothenic acid, and biotin, 
and found that it is relatively unimportant. Schultz, Atkin, and Frey 
(50, 52) , studied forty-four strains of S. cerevisiae and S. carlsbcrgensis 
and divided them into three groups: type A, showing growth increase 
by thiamin and an additional increase by jUTidoxine; type li, showing 
50 per cent decrease in growth by thiamin, and normal growth when 
pyridoxine and thiamin were present in the media; type C, with a de- 
crease of 50 per cent or more by thiamin and an increase above normal 
by thiamin and pyridoxine. 

CHa 


N=C— NH2 


CHaC 



CHa 


N— C— H 


— N 
Cl 


C=C— CHaCHoOH 



Thiamiu (Vitamin Bi) 


(2 Methyl-6-[4 methyl-5-^-hydroxyethyl-thiaiolium ohloride]methyl-6-ainino- 

pymmdine) 
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CH2OH 


HO 

CH3 




CH2OH 


N 

Pyridoxine 

(2 Methyl-3 hydroxy-4 , 5 -di-[hydroxymethyll-pyTidine) 

Thus pyridoxinc is required by some of the yeasts and acts only in 
the presence of thiamin. The mechanism of the functions of the panto- 
thenic acid, inositol, biotin, /3-alanine, and pyridoxine is not yet 

known. 


FOLIC ACID 

Folic acid is one of the more recent members of the vitamin B 
complex Like the other members of this group, it was discovered 
by several groups of investigators and by quite different approaches. 
At least some of the approaches aiipear to have arrived at the same 
destination. In 1940, Snell and Peterson ( 53 ) published a papei 
entitled “ Additional Factors Required by Certain Lactic Acid B c 
teria ” in which they disclosed that certain lactic acid bacteria required 

of plant. ,.r nni.nal. for growth. They sUted that yeast 
extract (Bacto) and solubilized liver fractions were both rich sources 

of th^u'cessary gn.wth factor, and that Norite would adsorb the 

substance The cluatc was studied, and certain chemical properties 
fef detei-mined. Stoksta.l (54) prepared a factor, required for the 
urowth of LartobaciUus rn^ci from solubilized liver, by adsorption on 

Line is a py,iini.line nude, .tide. Many paper, have appeared emc 
1940 describing the isolation and properties of folic acid. 

Briggs an.l collaborator. (5.'-, I have shown ^ ® W 

“"rrtntleTl' arS Sr l.lira^Cir^, for L 

ir;;; Bf; t “ 0='. 

high in vitamin ^ . o ® Pflflnw and cowmLrs 

'(w'toufe7a crMnllin®''™ They called it vito- 

Sb,, and r cLr 

groXpZotog activity .for L. eacei, theao investigator, suggested 
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that vitamin Be, Hutchings’ Norite eluate factor, and Williams’ folic 
acid of animal and plant cells (spinach, yeast, etc.) (57), are probably 
one and the same factor. Binkley and associates (58) prepared from 
yeast a crystalline Be conjugate, which had vitamin Be potency for 
the chick, but no activity for L. casei. However, Be conjugate, when 
it was exposed to an enzyme of hog kidney, was converted to a com- 
pound which was active as a source of Be for the bacterium. Several 
crystalline substances had been obtained from liver, yeast, and other 
sources. The synthesis of a compound identical with the L. casei 
factor from liver has been reported (58) . It has the following struc- 
ture; 

N N 

COOH O 

HOOC— CH.— 

Ih 

N — [4 — { I(2-amino-4-hydroxy-6-pteridyl)methyl]aniino )benzoylgIutamic acid 

This liver factor contains one glutamic acid, while the fermentation 
factor has three such residues. The name “ pteroyl glutamic acid ” has 
been proposed for the liver L. casei factor. Folic acid is essential y 
for a number of mammalian and avian species, in addition to being 
required for the growth of some bacteria. This vitamin appears to 
be very important to hematopoiesis (blood formation) . Synthetic 
folic acid is being employed in human subjects with pernicious anemia 
and certain other anemias of the macrocytic type, and in sprue, pro- 
ducing hematologic and subjective responses closely simulating those 
brought about by potent liver extracts. The dosage, however, appears 
to be larger than that of potent liver preparations. Owing to this, 
Berry and Spies (60) and. Welch and coworkers (61) conclude that 

the action of liver preparations cannot be attributed to folic acid 
per se. 

Assay methods for the various growth substances have been described 
by Williams and coworkers (62) . 

TABLE XXVII 
Composition op Yeast 

4 

Crude proteins 

Fat 

Carbohydrates 

Ash 

Crude fiber 


Per Cent 

46.74 

1.61 

35.37 

7.87 

8.41 


284 


YEAST: PRODUCTION AND UTILIZATION 


The Composition of Yeast and Its Food Value. Table XXVII 
sho\vs a typical analysis of beer yeast substance (63). In Table 
XXVIII the amino acids of yeast are given (64). Yeast is a complete 
])rotein, as established by feeding experiments on rats and dogs. 
Yeast also contains 0.2 per cent glutathione on dry basis. 


TABLE XXVIII 
Amino Acids of Y’east Protein 

(Calculated to 16 per cent nitrogen) 


Arginine 

Per Cent 

3.1 

Histidine 

3.3 

Lysine 

7.1 

Tyrosine 

3.8 

Tryptophan 

1.2 

Phenylalanine 

4.5 

Cystine 

1,1 

Methionine 

2.7 

Threonine 

5.5 

Leucine 

7.3 

Isoleucine 

6.0 

Valine 

5.3 


Phosphorus Compounds of Yeast. Phosphates play a very im- 
portant role in tlic metabolism of the yeast cell. Addition of phos- 
phatos results in a considerable increase in fat and carbohydiate 
storuKC. The following phosphoric acid esters have been isolated. 

hcx.,*m<m„ph..spl.at<.. hexo»o<Upl.ospl.nte trcl.a bso 

nhosphoglycpic: aci.l, phoapluiRlycolol, phosphoglycoraldeliycle, d.hy- 
droxyafctonii pliospliatc, dihydroxyacctone dipliosphata, 
ruvic acid, nucleic aci.l, nuclcoprotcins, coenxyme I, cocnxymo 11, nbo- 
flavin monophosphates, diphosphothiamm, and phosphohpidcs. 

Table XXIX shows the relative concentrations of various phosphoi us 
compounds ((55), and Table XXX represents the composition of yeast 
ash. (For an excellent review concerning the mineral metabolism o 

yeast sec reference 66.) 


yeast as a food supplement 

In addition to its high protein, fat, and mineral 
contains large (piantities of thiamin, riboflavin, nicotinic acid, 1 
vitamin D, pantothenic acid, pyridoxinc, biotin, p-aminobenzoic a , 

and other vitamins of yet obscure identity. , . i.i TTnitpd 

Stone (67) in 1942 suggested a ration of brewers yeast for the L 
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TABLE XXIX 

Phosphorus Compounds of En(jli.sh Brewers' Yeast 
(Milligrams of phosi)horus per gram of yeast) 

Compound Englisli Brewers' Yeast 


Total phosphorus 

3.25 

Orthophosphate 

1.37 

Pyrophosphate 

0.68 

Organic phosphate 

1.17 

Hexosediphosphate 

0.38 

Hcxosemonophospliate 

0.72 

Nucleic acid 

0.07 


TABLE XXX 

Analysis of Yeast Ash (Percentage) 


Ash Constituent 

Top Yeast* 

Bakers' Yeast f 

P 2 O 5 

52.3 

54 5 

K 2 O 

35.4 

36.5 

Na 20 

0.06 

0.7 

MgO 

4.8 

5.2 

CaO 

1.56 

1 4 

Si 02 

1.1 

12 

SO3 

0.41 

0.5 

Cl 

• • • • 

T race 

FeO 

0.43 

Trace 


• Fulmer et al. (1928). 
t Frey (1930), 


States an(i British forces. Such rations had been in use by some 
European troops. In Britain surplus brewers’ yeast has been put to 
many uses. According to Stone, “ It goes to make ‘ meat extracts,’ 
packet gravies and soups. The demand for ‘ marmite ’ and siinilar 
yeast products far exceeds the supply. Yeast also is incorporated in 
poultry foods and has been found suitable to supplement the oat 
ration of horses if added to the extent of one-eighth of the oat ration, 
with a small addition of salt. It has been found that irradiated yeast 
increases the milk production of cows and that the milk from cows 
so fed has an increased fat and vitamin D content. This diet has 
been found to effect a cure in the case of cows suffering from tubercu- 
losis. This paper contains some data concerning the use of yeast 
for animal feeding. See also reference 68. 

Carter and Phillips (69) have published an extensive review con- 
cerning the nutritive value of yeast for man and animals These 
authors conclude : “Although these data are obviously inconclusive 
they indicate that yeast may be somewhat inferior to animal proteins 
in human nutrition.” This review contains 64 references. 


1 
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Figure 20 shows that the addition of moderate quantities of brewers’ 
vcast to white flour enriches the bread with the whole vitamin B 

V 

complex (70). 

Yea^^t prepared by a large-scale aeration process showed a yield of 
150 to 180 parts (or 37.5 to 45.0 per dry weight) per 100 parts of glu- 
cose. Molasses was the source of glucose. The protein content of this 
yeast was 50 to 55 parts. The non-nitrogenous matter, such as cellu- 

Mg./ Lb. 

Pantothenic Acid 


Mg. /Lb. 


Riboflavin 


Thiamin 

Code 

HIno Brewers’ Yeast Added 
Brewers’ Yeast Added 
(g.O^ Brewers’ Yeast Added 
§ Ordinary Commercial Bread 

Q Enriched Commercial Bread 

Commercial Bread from 
specially Processed Flour 




1 



i 








, 






: : n ^ 1 1 mU- 






F.n. 20. Thiamin, riboflavin, ni.olinic Mi.i, and |m..tolhonic aoid oontente of 

experimental and eoinmercial bicacls. 

lose yeast gum, other carbohydrates, and fats was 37 to 42 parts 

whereas the ash was 8 per cent (71 . Ihe ” the aual- 

when .nolasHos is the source of sugar, has a ° ,im ™ss 

SirCos’^eolins 5-6 per cent of amino acids. The principal sou.oe 

..f vouMf nrotcin nitrogen is ammonia, however, 

Fink (72 73) has extensively studied Torula utdxs as a 

protein ustag a great variety of materials such as wood 

Tr t;:hrpt^u“rf ^rye^^tr 

contends ^ ^ expensive. He considers the production of 

yeas't pr^'otota, however, an important potential economic factor in 

Germany. 
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In this country, Lewis and coworkers (74) have extensively studied 
protein and vitamin synthesis by Torula yeast. They state that large 
quantities of feed yeast of the so-called “ torula ” type are manufac- 
tured commercially, utilizing wood sugar, sulfite waste liquor, and 
molasses as the carbohydrate source. Fruit wastes, such as citrus- 
waste press juice, may also be used for the production of torula yeast 
(Torulopsis utilis) . The protein content of this yeast is fairly uniform, 
averaging over 50 per cent of the dry yeast substance. It possesses 
well-developed vitamin-synthesizing functions. When T. utilis was 
grown in fruit juice media, Lewis and coworkers found that the yield 
in dry yeast was 55 grams per 100 grams of sugar. The addition 
of certain nutrients and aeration were necessary factors for useful 
cultivation. Air was supplied at the rate of 1.5 liters per minute 
per liter of medium. The sugar concentration was about 0.5 per 
cent. The propagation period of 6 to 8 hours resulted in 10-fold 
increase in yeast as compared with the inoculum. The temperature 
was 30° C. The pH was kept between 4 and 5. Nitrogen was sup- 
plied in the form of ammonia. The content of the vitamin B complex 
was comparable to that of bakers’ and brewers’ yeast. Large quan- 
tities of the vitamins were found also in the culture fluid. 

Stubbs and collaborators (75) conducted pilot-plant experiments 
concerning the production of torula yeast from fruit wastes. Their 
conclusions are that the technique employed for bakers’ yeast pro- 
duction may also be used for the manufacture of this yeast. 

Kurth and Cheldelin (76) have investigated the production of feed- 
ing yeasts from wood sugar stillage, using Torula mycotorula and 

Hansenula. Their results with the pentose-utilizing yeasts are encour- 
aging. 

Composition of Yeast Fat. Taufel, Thaler, and Schreyegg (77) 
examined the composition of yeast fat (Saccharomyces sp.), a commer- 
cial product of C. F. Boehringer and Sons (trade name “ Cerolin ”), 
obtained by extracting washed brewers’ yeast with alcohol. This 
product had a dark brown color, a somewhat unpleasant odor, and a 
soft consistency. Before analysis the product was purified by ether 
extraction. The following values were obtained : 

Per Cent 


Glycerol 5.3 

Volatile acids 5.2 

Palmitic acid 9.5 

Stearic acid 5.9 

Oleic acid 47 . 0 

Linolic acid 2.9 


Unaaponifiable substances 16.6 of which 3.3 per cent are sterols 

(ergosterol, cryptosterol ) 
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This analysis shows that, owing to its composition, yeast fat is a suit- 
at)lc food. 

Keindel, NicderUindcr, and Pfundt (78) reported that “ fat pro- 
duction by Torula types of yeasts increased with increasing sugar 
concentrations. Tlie yield was highest when a molasses medium was 
employed. The main sterol fraction contained ergosterol. 

YEAST AS A SOURCE OF VITAMIN D 

Stccnbock and Black (79) and Hess (80) have shown independently 
that certain comimunds could be made highly antirachitic by ultra- 
violet light Later it was shown that yeast is a very good source for 
the |)r()<lucti(.n of vitamin D by irradiation, owing to its ergosterol con- 
tent Not all yeasts are suitable for utilization as a source of vitamm 
D It was discovered that yeast could be irradiated and then grown m 
sucli a manner that four or five multiplications were carried out without 

the loss of vitamin D i)olency. ^ r n v 

During autolvsis the ergosterol content of yeast increases for 9 hours, 

Wl,™ it "oolK.; a .ua.inunn. After 15 hour, it gradually doereases, 

•tml after 24 hours it is still greater than it was originally (81). 

Yeast contains 0.56 gram of ergosterol per 100 grams of su - 

stance One-third of the sterol is converted into vitamin D v he 

in-adiated at wave-lengths of 280 to 300 in a layer of 1/10 to /2 mm. 

thickne.ss for 30 minutes (82). 

PuonucTioN or Vitamin D IMilk by Feeding Ibradiated Yeast 

TO Cows 

Warldel (83) and later Stoonhock, Hart, Hanning, “"d 
(84,' that reeding i-liated .Iry " d » 

„f ("■■'■'•“y.Y*;;;,hV th7riois(h,mnn Laburatoriea and the Walker- 
iigbrtnatrye::! tu row. ia a aatisfacUuy antirachitic agent. 

PUEPAHATlON OE StBUOI, FROM YeAST AND OTHER 

Cemaii.ah Material 

n intr (85) disclosed the following procedure for the production 

S. Vagram „f yea,t containing 80 per cent rnorsturc 
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is refluxed for 5 hours with 1500 cc. of 8 per cent sodium hydroxide. 
The mixture is Altered, and the residue is extracted with 1500 cc. of 
95 per cent ethyl alcohol. A second and third extraction is made with 
1000 cc. of ethyl alcohol. The combined extract is cvaijorated to 
about 10 per cent of its original volume to permit crystallization of 
the ergosterol. The crude ergosterol may be rccrystallized from 
alcohol, yielding 2.55 grams of pure ergosterol, or 86.1 per cent of 
the theoretical ergosterol originally present in the yeast. A method 
for the quantitative determination of ergosterol, based on the meas- 
urement of the antimony trichloride reaction product by a spectro- 
photometer, has been described by Lamb and associates (86) . 

* 

YEAST AS A SOURCE OF THIAMIN 

Paveek, Peterson, and Elvehjem (20, 87) found that the thiamin 
content of various yeasts grown on the same medium was about the 
same but varied to a great extent with different media. Tlie values 
obtained per gram of dry yeast were 10 I.U. for grain-wort yeast, 3 to 4 
I.U. for molasses yeast, and 2.5 to 3.3 I.U. for glucose-salts yeast. 
With Endomyces vernalis, however, the variations were much less; the 
yield was about 7 I.U. thiamin per gram of dry yeast. 

Omission of aeration of the grain medium yielded 90 per cent less 
yeast but increased the thiamin potency threefold. Thiamin de- 
stroyed by autoclaving is resynthesized by yeast. For a process for 
the preparation of crystalline thiamin from yeast, see reference (88). 

PREPARATION OF LIQUID MEDICINAL BREWERS’ YEAST 

* 

Willstatter and Sobotka (89) found that the flavor of sugar-liquefied 
yeast may be considerably changed by heating. The flavor so im- 
parted resembles somewhat the flavor of honey. 

The following method was employed by these investigators: 

Two hundred pounds of washed and pressed brewers’ yeast, contain- 
ing about 30 per cent of dry matter, are placed in a kneading apparatus 
having a heating appliance, and are rapidly mixed with 300 pounds of 
ground cane sugar. After 1 hour the mass is slowly brought to 55° C 
and is kept at this temperature for 1 hour. In the course of another 
hour the temperature is brought between 85 and 110° C and so 
maintained for 1 hour. Then the thick brown liquid is cooled. 

This liquid now contains invert sugar, enzymes, and vitamins. It is 

recommended for baking purposes, for the improvement of malt 
extracts, and for therapeutic uses. 
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PREPARATION OF DRY MEDICINAL BREWERS’ YEAST 

In the rnitcd States 50 million barrels of beer are produced annu- 
ally; this makes a\ ailable 150 million pounds of waste yeast. On dry 
l)asis this amounts to 30 million pounds. Most breweries are ready to 
dispose of this waste yeast at a low jn'iee to farmers, feed producers, 
etc., if periodic remo^'al is assureil. A considerable amount of waste 
brewers’ yeast finds its way into the public sewer system. Avoidance 
of dilutioti iind proper dryino; installations are tlie most important 
factors in the economical recovery of waste yca.st. ith the aid of 
small dryitiR units wet yeast may now bo profitably dried by small 

breweries 190). 

Waste yeast destined as an accessory animal feed does not require 
I)retreatment. It is merely dried to 5 to 10 per cent moisture. \ east 
to be uscfl in foods or in the imitmfacture of meilicinal yeasts and con- 
centrates re<|ttires ptirification by washing and debittering with the 

aid of an alkali. 

Bari (91 ) described the preparation of medicinal yeast from waste 
l)ottom-fennentation yeast. The yeast is jnade into a pulp and sieved. 
It is washed twice with fresh cold water. The bitter substances are 
removed bv treating the yeast, with 4 volumes of cold 2 per cent 
s.Klium carbonate solution, or 1 per cent ammonium carbonate sedu- 
tion. The yeast, now containing 75 jn'r cent of water, is dried below 
35 to 40” Cl. The paper also describes the preparation of a yeast 
extract from bottom yeast, as well as the preparation of pills and oint- 
ments containing yeast and yeast extracts. . . 

Siebel Weber, and Singruen (92) recommend the following improved 

nurifieat ion-debit tcring pn.cess: The yeast is washed in cold water and 
then scn-enc<l. Working at a temperature near freezing prevents dif- 
fusion of vitamins and minerals. The washed yeast is placed in a 
tank or otlier suitable container provided with refrigeration and mixing 
apparatus. An icc-cold 1 to 2 per cent sodium or ammonuiin carbon- 
aU; or bicarbonate solution is employed for debittering. The 
then run through a separator or over a vibrating screen into anothei 

t»nk conWininR ennugh hydrochloric acid ‘'1 f ^’’1, "i 

auapencion to pH 6.0 to ncutroiicc the rcciduai nikaii. Tto y™* « 
run into a .eparator and U ready tor drying. It desired, ‘''^ebitter- 
ing process may bo repeated. The temperature shouid not be above 

2* C during the whole process. . . , , ..j 

The purined and debittered yeast may be spray-dried and recovered 

in the form of powder, or it may be dried with the aid of rolling units 

that produce a yeast film which may bo automatically removed in the 

form of flakes, or it may be drum-dried (92) 
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Yeast, owing to its rich source of various vitamins, glutathione, and 
probably some hormones, is being extensively used for the treatment 
of several diseases. Only a few of the more important reports will 
be briefly reviewed here. 

The Effect of Yeast on Cancer. McLeod and Ravenel (93) injected 
(chiefly intramuscularly) extracts of Aspergillus niger and Saccharo- 
myces cerevisiae into 150 advanced cancer cases abandoned as hopeless. 
All the patients showed subjective improvement and a great number 
showed notable degrees of shrinkage of the tumor masses. Most of the 
improved patients manifested recurrences; several, however, did not. 

F ceding o/ Boiled Yeast in Experimental Cancer. Maisin, Pourbaix, 

and Caeymaex (95) observed that boiled yeast contains a compound 

which counteracts the action of styryl 430 (2-p-aminostyryl-6-p-acet- 

ylaminobenzoylaminoquinoline methyl acetate), a water-soluble can- 

cerogenic substance. Mice that received large amounts of cooked yeast, 

and that were treated with benzopyrene, showed a great decrease in the 
incidence of cancer. 


Ando (95) reported that the incidence of liver cancer in rats, pro- 
duced by butter yellow (dimethylaminoazo-benzene) and rice diet, 
was considerably reduced when yeast was added to the food. Sugiura 
and Rhoads (96) confirmed the results of Ando. In a more recent 
paper, Rhoads and associates (97) have shown that rats which were fed 

casein to which riboflavin was added were substantially protected 
against experimental liver cancer. 

Lewisohn and his associates (98) have been able to prevent tumor 

growth (carcinoma 2163) in mice by intravenous injections of yeast 

and riboflavin (non-takes 62 per cent) , or yeast and pantothetic acid 

(non-takes 47 per cent). Yeast alone had an effect on only a small 
number of animals (non-takes 20 per cent) . 

Treatment of Diabetes with Yeast. In 60 cases of diabetes, bakers’ 
yeast produced a favorable influence on metabolism. The urinarv 
sugar disappeared and the blood sugar decreased. The beneficial 
results were attributed to the high vitamin B, nucleic acid, and gluta- 
thione contents of yeast (99, 100) . These reports are in harmony with 

the earlier animal experiments of Nasset, Pierce, and Murlin (101) 

who studied the effect of yeast ingestion on normal and depancreatized 
dogs. _ See a,lso section on cocarboxylase concerning the blood sugar 
lowering action of this coenzyme (Part I of this book) . ^ 
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THE ENZYMES OF YEAST 

YY^n^t contains large quantities of a number of enzymes. Some are 
jn’esent, however, only in small amounts. Several of the enzymes have 
been found t<t be a mixture ot two or more specific enzymes and. co- 
enzymes. The yeast enzymes are discussed in the first part of this 

book. 


ADSORPTION OF ENZYMES BY YEAST CELLS 

KinsaiK.v and I^saeva (102) reported that S. Steinberg cells adsorb 
Ironi aciueous solution tlie enzymes invertase, peroxidase, trypsin, and 
/i-^lneosidase. The dejiree ot adsorption varies for each enzyme and 
depends on the /d 1 of tlie solution and the age ami the vitality of the 
yeast. Some enzvmes are hound more firmly than others and may be 
released from the vcaist cells by such enzymes that become more 
finnlv bound. /i-CJlueosidase removes all previously adsorbed en- 
zviiK's Invertase is only very lightly bound to the cells Various 
siibstanees had beam tried, hut only gelatin was able to liberate the 
adsorbe.l enzymes. Dead yeast cells do not adsorb enzymes. The 
nut hors believi' that the iirotein enzymes permeate through the cell 
membrane and are fixed on the (denumt of the jirotoplasm. 

fermentation apparatus of SCHULTZ, ATKIN, 

AND FREY (103) 

Id.is fermentation apparat us is use.l with 

Fig 21 ) . The rcacliun bottles (volume, 2o0 cc.) 
are provided with glass hooks designed to hold 
oversize Keilin tubes containing the yeast sus- 
pension until the system has reached equilib- 
rium. 'Phe system is filled with nitrogen or 
oxygen by eva'cuat ing tlu' prepared reaction bot- 
(,le and rc|)catedly flushing the gasometer with 
the gas by means of the stopcock on top and the 
inh't below. The evacuated reaction bottle is 
quickly connected with the filled gasometer, the 

connections are flushed out by means 
thiTc-way stopcock, and the gas is admitted to 
tlie bottle. Excess gas is discharged through 

Fin. 21. AppariilAiH for the top of the gasometer. The temperature is 

t.ho iiKuisiircmcfit. of for- jjqo q ^ bottles are shaken at 100 oscilla- 

inontaiiori urulor various . minutc. The gas evolved is measured 
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every half hour for 3 hours. See also the ferraentometer given in 
Chapter XXXII. 

Materials. The fermenting solution has a final volume of 80 cc. and 
it contains 0.8 gram of moist (compressed) bakers’ yeast, a phosphate- 
citrate buffer of pH 5.4, 3 grams of the sugar 
under study, nicotinic acid (1 milligram), thia- 
mine (0.05 milligram) , and mineral salts, includ- 
ing ammonium ions (200 milligrams of am- 
monium sulfate) . 

THE EULER-NIELSON FERMENTATION 

Figure 22 shows the Euler-Nielson fermenta- 
tion apparatus as described by Funk (104). The 
fermentation mixture is placed in a small Erlen- 
meyer flask, using the following proportions: 

0.2 gram dried yeast, suspended in 0.5 cc. 20 per 
cent glucose solution, plus 1 cc. of Af/15 phos- 
phate of pH 7.3, and 1 cc. of water. The buret ^2. Euler-Nielson 
is filled with mercury which is gradually dis- ^®*’“entation apparatus. 

placed by the carbon dioxide produced during fermentation. The 
carbon dioxide may then be read off in cubic centimeters at the desired 
periods, usually after 1 to 1^2 hours, by lifting the mercury level in 
the reservoir to the gas level within the buret. A series of six of these 
burets is run simultaneously. The small flask is connected with a shak- 
ing mechanism. An experiment requires several hours, depending on 
the nature of the experiment and the yeast. 



PREPARATION OF SOME COMPOUNDS WITH THE AID 

OF YEAST 

The Synthesis of /-Ephedrine. The Chinese plant, ma huang, has 
been in use for medicinal purposes in China since 3000 b.c. Its active 
ingredient, l-ephedrine, was introduced into this country in 1925 It is 
widely used as a nasal astringent and in the treatment of asthma and 
other ailments. In 1939 the production of ephedrine in the United 
States amounted to 403,237 ounces, valued at $593 778 (105) 

and the publication of numerous other methods soon followed. The 

synthetic product, however, is a racemic mixture, and the dextro isomer 

has little pharmacological importance. For the isolation of the levo 

somer from the optically inactive mixture, several procedures are 
available, but they are all very costly. 
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Hildebrand and Klavebn (106) have patented a method based on the 
biological condensation of benzaldehyde and acetaldehyde to l-acetyl- 
phenyl carbinol, according to the procedure of Neuberg (107, 108). 
This reaction cannot be carried out by chemical means, although 
similar syntheses are well known. The resultant carbinol is allowed 
to react with methylamine, and the condensation product is reduced 
to l-ephedrine with activated aluminum or hydrogen in the presence of 

colloidal platinum as a catalyst: 

r + CHsCHO — > CgHsCHOHCOCHs + CH3NH2' ^ 

C6H6CH0HC=NCH3 + H2 — CeHsCHOHCHNHCHa 


CHa 


CHs 

Z-EphedrLne 


Neuberg’s Biological Synthesis of /-Acetylphenylcarbmol. One 

kiloaram of top yeast is added to 25 liters of a solution containing 1 25 
kilograms of glucose syrup ; the mixture is then allowed to f ei’^^nt foi 
sSL Then g-ams of benzoic acid-foce « 

added- in small amounts, with vigorous stirring. After 3 days o 
’+ tVip veast is filtered off and the filtrate is extiacted witl 

et™ On evaporation of the ether extract, 91 grams of an oil 
containing 25 grams of !-acctylpl.enylcarbinol, 15 grams of benzyl 

Hui:rn^t-Khthr Process. One hundred and twenty 

grains of the oil fermentation product of Neuberg .s added in ‘he aours® 

^ ^ in crrnms of 500 CC, 01 CtllGl 

.-fn::ywr« 

tthodrinfhyToellorii^^^^ Thi^ ‘product is in every respect identical 
with the natural ma huang, l-ephednne. 

preparation of galactose from milk sugar (110) 

irrwat'Ts — z!d :tth 
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charcoal, filtered, and diluted to 20 liters. Fermentation with 100 
grams of bakers’ yeast is carried out at 35° C, until === and, 
after addition of another 100 grams of yeast, until ccjy = 7.2°. The 
filtered and acidified solution is evaporated in vacuo. To a 40 per 
cent solution of the solid residue, 75 per cent ethyl alcohol is added 
until a slight turbidity results. The crystals, which form after a 
week in the cold, are washed with ethyl alcohol. A second crop may 
be obtained from the mother liquor. The yield is 625 grams of 
galactose. 
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CHAPTER XVII 


PRODUCTION OF ETHYL ALCOHOL BY 

FERMENTATION 


Gay-Lussac and Thenard, in 1810, and Saussure, in 1815, were the 
first who published exact quantitative reports on the fermentation 
of sugar. Their experiments were based on the earlier work of Lavoi- 
sier. The quantitative studies showed that 100 parts of sugar formed 
51.34 parts of alcohol and 48.66 parts of carbon dioxide. In 1828 
Dumas and Boullay published a modification of Gay-Lussac’s equa- 
tion. It included the preliminary hydrolysis of cane sugar. 

The original equation of Gay-Lussac, which he proposed for the 
fermentation of grape sugar, CgHisOe = 2CO2 + 2C2H5OH, still 
holds for the main fermentation products. Gvaladze (1) found that, 
when evaporation and entrainment during alcoholic fermentation 
were prevented, the yield of alcohol and carbon dioxide was best, e.g., 
alcohol yield 47.8 to 48.1 per cent and carbon dioxide yield 47.0 to 47.6 
per cent. The average alcohol-carbon dioxide ratio is 1 to 1. 

The main products of alcoholic fermentation account for 95 per cent 
of the sugar changed. Alcoholic fermentation with the aid of yeast 
yields about 10 per cent less than that expected. In scientific experi- 
ments, however, the loss is only 2 per cent. This amount of sugar is 

used up by the growing yeast in its various metabolic functions, during 
which these non-fermentable products form. 

Highest yields in industrial ethyl alcohol production were obtained 
by fermenting in closed vessels under carbon dioxide pressure. Aera- 
tion of the worts during fermentation should be omitted, and the 
quantity of yeast employed for seeding should be high (2) . 

Table XXXI shows the amount of alcohol producible per ton of some 
raw materials (3) . 


Whereas the manufacturer is mainly interested in the yield of alcohol 

per ton, to the farmer the yield per acre is most important. In this 

comtry mo asses is the principal material used in the manufacture of 

industrial alcohol. In Germany, however, the main source of the raw 
material is potatoes, and, in Prance, sugar beets. 

In the production of ethyl alcohol by fermentation, the following 

operations are employed: (a) saccharification of the raw materials 
(6) fermentation; (c) distillation. materials, 


/ 
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TABLE XXXI 

Alcohol Production fbr Ton of Raw Material 


Sugar beet 

Sugar cane (La.) 

Jerusalem artichokes 

Potatoes, white 

Potatoes, sweet 

Apples 

Raisins 

Grapes 

Corn 

Rice (rough) 

Molasses (blackstrap) 
Grain sorghum 
Wheat 


Gal. /acre 

Gal. /ton 

287 . 0 

22.1 

268 . 0 

15.2 

180.0 

20.0 

178.0 

22.9 

141.0 

34.2 

140.0 

14.4 

102.0 

81 .4 

90.4 

15.1 

' 88.8 

84.0 

65.6 

79.5 

45.0 

70.4 

35.5 

79.5 

33.0 

85.0 


• The Raw Materials. Higher carbohydrate materials, such as corn, 
malt, barley, wheat, oats, rye, potatoes, sweet potatoes, cassava (man- 
ioc) , rice, and Jerusalem artichokes, must be hydrolyzed by malt or 
acid before they can be fermented. Sugar-containing raw mateiials, 
however, such as blackstrap molasses, sugar cane, sugar beets, and 

fruit juices, do not have to be saccharified. 

In normal times, blackstrap molasses is a convenient and economical 

source of alcohol. However, in the lack of sufficient supply of mo- 
lasses, the establishment of a large number of Fischer-Tropsch gaso- 
line plants i)roducing alcohol as by-products may become a seiious 
competition in alcohol manufacture. In this process, the ethylene, 
which is formed during cracking of petri)leum gases, is converted to 

ethyl alcohol. 

Tabic XXXII shows the yields from the most important sources 
of raw materials employed in the production of ethyl alcohol in the 

United States for the fiscal year 1947. 

Cultivation of Starter. About 10 cc. of sterile wort is inoculated 

from a pure culture of Saccharomyces ccrcvisiae or other suitable yeast. 

This tube is kept at 25° to 30° C., and after sufficient growth has taken 

place it is used to inoculate a 200-cc. sample of sterile mash. After 

incubation this culture may be employed to inoculate several ^liters of 

sterile mash, and in due time the latter cultures may be used to pitch 
a volume of sterile mash ten times larger. Aeration accelerates yeast 

^ By using pure yeast propagators, starters may be cultivated with 
more safety and less effort, and reinoculation is less often required. 
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TABLE XXXII 

Ethyl Alcohol Production, by Kinds of Materials Used 
IN the United States and Territories for the Fiscal Year 1947 



Quantity 

Unit 

Ethyl sulfate 

106,456,844 

Gal. 

Molasses* 

70,305,871 

Gal. 

Products used in redistillation 

50,082,760 

Proof gal. 

Grain and grain products* 

509,569,387 

Lb. 

Potatoes and potato products* 

526,455,909 

Lb. 


3,579,619 

Gal- 

Sulfite liquors 

205,336,430 

Gal. 

Cellulose pulp, chemical, and crude alcohol mixtures: 



Crude alcohol mixtures 

1,198,710 

Gal. 

Cellulose pulp and chemical mixtures 

2,501,412 

Gal. 

Cassava and cassava products* 

5,961,324 

Lb. 

Whey 

6,473,805 

Gal. 


496,890 

Lb. 

Pineapple juice 

2,880,198 

Gal. 

Wood sugar liquors 

2,880,871 

Gal. 

Orange juice 

437,777 

Gal. 

Wine 

4,991 

Gal. 

Hydrol 

103 

Gal. 

Other mixtures: 



Potatoes and potato products 

39,622,374 

Lb. 

Grain and grain products 

9,010,894 

Lb. 

Syrup 

810,921 

Lb. 

Cassava and cassava products 

799,102 

Lb. 

Malt syrup 

517,619 

Lb. 

Maltose 

34,344 

Gal. 

Syrup 

33,000 

Gal. 

Molasses 

4,381 

Gab 

• Additional amounts used in combination with other materials included under 

" Other Mixtures.’ 


Net production, that is, the gross production minus products used in redistillation, was 248,798,639 
proof gallons. 

Alcohol Tax Unit, U. S. Treasury Department. 


GENERAL PRINCIPLES FOR 

PRODUCTION OF ETHYL ALCOHOL FROM MOLASSES (4, 5) 

The least expensive raw material of fermentation alcohol is black- 
strap sugar-cane molasses, which is the waste liquor remaining after the 
removal of crystallized sugar from concentrated sugar-cane juice. 

Most of the blackstrap molasses is imported from Cuba, and a small 
quantity from Puerto Rico. 

“ High-test ” molasses has been used in large amounts. -This is 
evaporated raw sugar-cane juice which contains all the original sugar 
and in which the sucrose has been hydrolyzed with acid. This syrup 
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is made in order to find a market for sugar-cane juice produced by 
Cuban and other growers. High-test molasses contains up to 78 per 
cent of total sugar, whereas blackstrap molasses contains 50 to 55 
per cent of sugar, mainly sucrose. A sugar concentration of 12 per cent 
is most frequently employed. Molasses does not always contain all 
the substances required for proper fermentation. Ammonium phos- 
phate or sulfate is sometimes added to correct phosphorus or nitrogen 
deficiencies. The pH of the mash is adjusted to 4.0 to 4.5 with sulfuric 
acid. The starter represents 4 to 6 per cent of the main mash. Instead 
of acid, the mash may be inoculated with lactic acid bacteria, pre- 
ceding alcohol fermentation. 

Oxygen Requirements. Oxygen is required only during the first 
phase of yeast growth. Fermentation proceeds under anaerobic con- 
ditions which set in when carbon dioxide forms in large quantities. The 
temperature, which rises as a result of fermentation, is maintained 
below 30° C. by cooling the tanks with coils and sprays. Fermentation 
is completed in 20 to 50 hours, depending on the temperature. 

Distillation. The fermented mash (“ beer '') is pumped to stills and 
separated into 60 to 90 per cent alcohol and the slop,” which is usually 
discarded but sometimes is sold for various uses. A second distillation 
results in 95 per cent alcohol and fusel oil (amyl alcohol, isobutyl 
alcohol, etc.). The 95 per cent alcohol may be denatured or it may 
be dehydrated to yield 99.5 per cent alcohol. If continuous distilla- 
tion is employed, the several fractionations may be carried out in one 
operation, resulting in the saving of steam. 


CONTINUOUS PROCESS FOR ALCOHOLIC FERMENTATION 

OF MOLASSES 

This process was developed by Bilford and associates (5). It is 
based on the use of a single-vessel continuous fermentation system 
and a storage tank. With this process molasses mashes containing 
12 to 13 grams of sugar per 100 cc. can be fermented to completion in a 
6- to 7-hour cycle, and yeast inoculation is necessary only at the be- 
ginning of a run. One of the principal values resulting from this 

process is the extensive reduction in equipment requirements. 

The Continuous Fermentation System. Figure 23 shows a diagram 
(6) of the continuous fermentation system. It consists of a wide- 
mouthed Pyrex flask. Carbon dioxide is introduced through a glass 
tube and dispersed by 1-inch Aloxite spheres. Another glass tube pro- 
vides an outlet for the gas, which is passed through scrubbers to remove 
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the alcohol vapors. A third tube is used to remove samples for analysis 
during the run and to add ammonia for pH control. The feed medium 
is introduced through a storage flask and connecting tube. The fer- 


mented material is removed by a 
draw-off tube. 

During the initial phase of fer- 
mentation the sugar in the mash is 
fermented in 6 to 6 hours, depending 
on the initial cell count and other 
conditions. Continuous operation is 
started by feeding fresh (uninocu- 
lated) fermentation medium of high 
sugar concentration at a constant rate 
from the storage flask into the fer- 
menter. The fermented material is 
removed at the same rate. For suc- 
cessful operation a pure culture sys- 
tem must be maintained. 



Fig. 23. Laboratory unit for continu- 
ous fermentation. 


Conditmns and Medium. Approximately 18° Balling molasses 
mash (suitably fortified if necessary), containing about 12-13 grams 
per 100 cc. of sugar, is employed for growth of inoculum and fermenta- 
tion. The initial yeast inoculum of approximately 350 million cells 
per cubic centimeter is obtained by aerating large flasks of the mo- 
lasses mash at 28.8° C. for 18 hours. The strain should be a suitable 
variety of Saccharomyces cerevisiae. The cells are separated by cen- 
rifugation and resuspended in the fermentation mash. The inoculated 
mash IS then placed in the vessel and agitated with 4.8 liters of carbon 

tZt The temperature is held at 

d2.2 C. The pH IS maintained at 4.5 to 5.0 by adjustment with 3 N 

ammonium hydroxide. Under these conditions the sugar is 92 to 94 

per cent fermented in 5 to 6 hours. At this stage the cell count it 

Completed “andTe"' The stationary phase is thus 

- now in continuous opSa&r 
lul contbuouo fenncntatS ‘ 
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PRODUCTION OF ETHYL ALCOHOL FROM STARCHY 

RAW MATERIALS 

Yeast does not contain amylases. The starches must be saccharified 
by enzymic hydrolysis or by acid hydrolysis. 

The enzymic hydrolysis may be carried out by employing malt, 
molds, or nn)ld amylases. The use of malt in the production of indus- 
trial alcohol is identical with the methods employed in beer making. 

However, there the mash is boiled before yeasting. 

In the amylo process the starches are saccharified by the use of molds 
such as Mucor rouxii, Rhizopus japonicus, and R. tonkinensis. Puii- 
ficd amylase preparations per se arc not employed in the United States 

for saccharification before fermentation. 


RAPID CONTINUOUS PROCESS FOR THE PRODUCTION OF 

ALCOHOL FROM CORNSTARCH AND MALT 

Cooking and Conversion of Corn. The continuous cooking process 
originated in Russia (6) and was introduced in this country by 
Gallagher and coworkers (7) . Corn is mixed with water, the slurry is 
continuously cooked by a steam jet, the cooked material is continuous y 
cooled, and malt is continuously added to the moving material. This 
process is simpler in design, easier to operate, and much less costly in 
construction. Gallagher and collaborators (7) suggested the follow- 
ing procedure: The corn is cooked for 1 minute at 182.2 C. instead 
of the usual 2.5- to 3.0-hour batch cycle. The cook is cooled to the 
conversion temperature of 62.8° C., and barley malt slurried m watei 

is added to the cook. The pH of the mash is kept at 5.4 to m8. 1 he 

malt is in contact with the mash for 40 seconds at 62.8 C. bcfoic 
cooling to fermenter temiieraturc. Although the iodine test indicates 
the presence of an excess of starch, sugar analysis shows that tliere is 
over 70 per cent conversion of the cooked starch to maltose y ns 

*^°’conversion Equipment. A newly devised, very simple conversion 

equipment (7) (Fig. 24) is employed for the conversion of 

starch. It consists of a small jiroportioning pump which continiu i . y 

injects the malt slurry into the stream of cooked gram \ 

mash pump; the malt slurry is then passed through a section of 4 -inch 

pipe 105 feet long, through which the mass flows. The capacity of th 
unit permits the conversion of 5000 bushels of gram per day. Fiom 
this unit the discharge passes into mash coolers, where it is cooled 
fermentation temperatures of 21.1° to 23.9° C. m 1 minutes. 
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Fermentation of the Mash. The cooled converted grain mash is 
inoculated with a suitable strain of SaccharoTnyces ccrevisiae. The 
mash is then made up to the final volume of 38 gallons per bushel of 


gram and the pH is adjusted to 4.8 
to 5.0. Fermentation is then al- 
lowed to proceed to completion. 

The alcohol yields on quickly con- 
verted mashes are 2 per cent higher 
than those obtained with the stand- 
ard practice of 30 to 60 minutes con- 
version time at 62.8'^ C. The ap- 
parent increase in yield may be due 
to the fact that the short holding 
period results in little destruction 
of the amylase system during con- 
version. Thus the balance of the 
amylase is available for use in the 
fermenter. 

Detailed procedures for labora- 



Fig. 24. In the new method, malt is 
metered out through the pump and 
mixed with the mash in a pipe line 
approximately 105 feet long; the malt 
is in contact wdth the mash for 40 seconds 
at 62.8° C. before cooling. 


tory cooking, mashing, and fermentation, as well as methods for the cal- 
culations of yields, are given in the article by Stark and associates (8) . 


RAPID CONTINUOUS AEROBIC PROCESS FOR DISTILLERS’ 
t YEAST 

' Owing to the large capacity equipment and long over-all processing 

tune required by the present methods employed in the production of 

distillers yeast, Unger, Stark, Scalf, and Kolachov (9) proposed the 
lollowing improvements. 

• Laboratory-Scale Operation. A mash bill contain- 

ing 40 per cent corn, 30 per cent barley malt, and 30 per cent long-fiber 
malt sprouts is employed to prepare the wort, or 85 per cent barley malt 
and 15 per cent long-fiber malt sprouts may be used. Five hundred 
cubic centimeters of sterile 10° Balling wort at pH 4.5 are inoculated 

air per minute through two 
sphj.cal Aloxite (electrically fused alumina) spargers. This method 

pro u^s a pure cultiu-e yeast at a concentration of 500,000,000 eells 

per cubic centimeter m comparison with the usual 150,000,000 cells per 

cubic centimeter obtained by the sour-mash anaerobic process ThiJ 

SmentlngTcUytt; ““ “*hods in its 

Optimutn Conditions for Yeast frmwzfii x* 

are: (a) 20 minutes of sterilization at 121° C. folW*^d”by ^mmed^ 


I 
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ate cooling; (5) 3 square inches of sparger area per gallon of working 
capacity, using a number 60 teardrop-shaped carbon sparger (National 
Carbon Company); (c) Vj, cubic foot of air per minute per gallon; 
(d) only ammonia and ammonium sulfate required as nutrients in 
concentrations to supply 40 to 45 milligrams of amino nitiogen pci 100 
cc. in the propagator; (c) optimum tcm]icratnre, 28.3° C.; (/) main- 
tenance of the pH at 4.0 to 4.2 by the addition of ammonia. 

The strained wort is dropped into a tank, and 1 to 2 per cent of filter 
aid is added to it. The mixture is then filtered to yield a 10° Balling 
clarified wort and is transferred through a storage vessel and sterilized. 
jMeanwhile a yeast inoculum is prepared in a pure culture vessel (prop- 
agator) using an 18° Balling medium prepared from diamalt (barley 
malt syrup) containing maltose, dextrine, and amylase. This inoculum 
is added to a part of the elarified wort in the iiropagator, and sterile air 
is sparged into vessel. When the yeast count increases, an additional 
amount of wort is passed into the propagator to increase the volume to 
300 gallons. At this stage the count becomes 400,000,000 cells pei 
cubic centimeter. Now the operation becomes continuous with a wort 
flow to the vessel of 75 gallons per hour and an equal removal of yeast. 

Ammonium sulfate and ammonia must be added to the wort at such 
a rate to maintain the level of amino nitrogen at 40 to 45 milligrams 
per 100 cc., and occasionally an antifoam agent of Vegefat and laid 

must be added. 

Proposed Procedure for Plant-Scale Operation (for Distilling 5000 
Bushels per Day). A mash bill consisting of 85 per cent barley malt 
and 15 per cent malt sprouts is prepared. The barley malt is o^^^ain^ 
in the state of a stream of mash of 35 gallons per bushel and at 60 O. 
from a continuous cooker system. Seven and a half bushels of malt 
sprouts, enough for 24 hours, is charged into a scale hopper. From 
here it is fed into a malt-mixing chamber of 10-gallon capacity.^ A 
centri fiigal pump circulates the combined mixture. Steam sparged into 
the vessel keeps tlic mash at 63° C. The mash is pumped into the in- 
fusion tube where it is kept at this temperature for 30 minutes. The 
mash is transferred to a rotary Oliver filter 3 feet in diameter and 1 
foot wide, where it is strained through a 40-mesh screen and the cake 
is washed to recover all available maltose. The cake is repulped and 
pumped back into the continuous cooker. The strained wort is pumped 
to a Paraflow plate-type heat exchanger where its temperature is 
brought to 100-121° C. The wort is maintained for 5 minutes at tins 

temperature in the protein-coagulation tube which is » 

eter and 6 feet long. The wort is then cooled to 49-6o.5 C. an 

it is centrifuged. The clarified wort is pumped into the yeasting system 
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and. the solids are returned to the cooker. The over-all recovery of 
sugar by this process is 75 to 77 per cent. 

The wort is transferred to a vessel of 60-gallon capacity. It is 
jacketed and cooled to 7° C. to prevent bacterial growth. The vessel 

is maintained under air pressure in order to transfer it to the sterilizer 
and propagator. 

The wort is sterilized by passing it into a heat exchanger, then into a 
jet heater where its temperature is brought to 121° C. It is kept so in 
a tube for 20 to 30 minutes, and then the wort is cooled and transferred 
to the propagator of 530-gallon capacity and of 225- to 250-gallon 
working capacity. Into this vessel sterile air is sparged at a rate of 60 
cubic feet per minute through porous carbon diffusers. This air at a 
pressure of 40 pounds per square inch is filtered and then sterilized by 
being passed through a chamber fitted with Westinghouse Sterilamps. 
In pilot-plant practice cotton pads serve as good bacteria filters. 

The level in the propagator is kept at 240 gallons, and sterile wort is 
sprayed into it at the rate of 60 gallons per hour. This allows 4 hours 
to grow the yeast and to deplete the medium of sugar. The completed 
yeast wort has an alcohol concentration of 1.75 per cent. This yeast 
wort IS removed continuously at the bottom of the vessel to a centrifuge 

cell concentration is increased from 500,000,000 to 
2,000,000 000 per cubic centimeter. The supernatant fluid is returned 

to the distillery and the yeast is transferred to refrigerated storage and 
kept there until needed. 

associates believe that this rapid process can readily be 

princip es are adaptable for the construction of cLtral y^st ^ 
distilleries and industrial alcohol factories. Figure 25 shows a 
diagram of a continuous aeration process yeast plant (9) . 

WHITE POTATOES AS A SOURCE OF ALCOHOL 

In the United States, the normal requirements nf + a 

2000 distiUerirZuceTf„dT^“^^^^^^^^ 

pean countries, farmers employ speciallv mnrfp v. i • ^ 
operate entirely on potato Zhol llfiZ h ^^^^"* 
produced 75,000,000 bushels of potatoes and the ‘'^^“try 

into beverage alcohol (neutral spirits for the hi converted 

Tie average yield of 96 per cent alcohol from an acre oflrilTSs 
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is 178 gallons. This yield is higher than that obtainable from sweet 
potatoes, corn, wheat, or rye (see Table XXXI) . Thus, the potentiali- 
ties of potatoes as a source of beverage alcohol are considerable. How- 
ever, industrial ethyl alcohol plants must depend on blackstrap mo- 
lasses, since the present price of potatoes is much too high for such use. 

Processing of Potatoes (10, 11). The potatoes are washed, and 
may or may not be ground. Then, they are placed in a specially 
constructed cooker (Fig. 26). Cookers of such type are in use in 
Germany. They have a 5-ton capacity and 
contain two perforated steam coils. One is 
located in the base, through which steam is 
blown into the potatoes; the other, under the 
dome of the cooker, is employed to force the 
batch out when cooking is completed. The 
potatoes are introduced at the top. In the 
base is a perforated steel plate through which 
the potatoes are forced by steam pressure 
from the upper coil. The starch is first gel- 
atinized for 20 minutes by introducing steam 
through the bottom coil; the vapors are released 
through the wide aperture at the top. Now, 
the pressure is brought to 30 pounds per square 

inch and maintained there for a short period. Perforated 
The cooked potatoes are immediately forced 
through the perforated plate into a mashing 
tank, where they are cooled to the conversion 
temperature (65°) by the addition of water 

and the use of cooling coils. The potatoes are now converted, using 

So f Saccharification is carried out 

at_65 for 5 to 15 minutes. Then the mash is pumped through a cooling 

coil to the fermenter. The yeast inoculum (2 to 5 per cent per final 

volume of the mash) is added at about 29°, and the maximum tLpera- 

Ws The"fi from 36 to 72 

hours. The finished beer is pumped to the beer still, where it is proc- 
essed in accordance with its use. ^ 



Steam 


Drain 

cock 


plate I 

DischargeJ^ 
valve 

Fig, 26. Potato cooker. 


THE USE OP MOLDY BRAN IN ALCOHOLIC FERMENTATION 

In oriental countries molds have been used for alcoholic fermentation 
for hundreds of years._ In France, Calmette and Bodin applied Amvlo- 
yces in the production of alcohol as early as 1891. This method is 
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known as the amylo process. In this country, about 1914, Takamine 
(12) conducted successful large-scale experiments with mo dy bran, 
suggesting the replacement of the more expensive malt m the fermenta 
tion industry. His method was not adopted because there w^ere slight 
odors in the alcohol. For the production of industrial alcohol, hov- 

(13, have shown that the 

The manufacture of industrial alcohol is of economic interest. Of the 
^stSat/ r r:: S re” uj 

firanlere found . ^ 

=€“‘5 . com. 

binatfon with malfi Thus. ^ P- 

Turcer The reSfof- ^ ronve^rting agent is based on the weight 

of the corn or other starch source used. /'94-hmir^ fer- 

Underkofler and associates (14) ^ y bran 

mentation procedure for evaluating dili rent ampks 
as to their usefulness m alcohol P-duction, sm^ 

:rs‘— rr-i- -e and — s f 

Thr - - --- 

XXII. . of Balls and Tucker. During 

The Sulfite Conversion Pr ... j barley malt were saved 

the second World War immense ^^^Balls and Tucker 

by the cent sodium sulfite caused liberation 

of the ^-amylase of ^^eat This sum converting agent 

percentage of malt in or er granular flour, the quantity of 

of grain mashes. rom un Q^ium sulfite solution was about the 
diastase liberated hy the di ^ (Bintner 

value 130)^ however there 

~”.S w " 
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JERUSALEM ARTICHOKES AS A SOURCE OF ALCOHOL 

The Jerusalem artichoke or girasole {Helianthus tubevosus) , a plant 
native to the United States, has been considered a new farm crop. 
This plant has high yields, and it is a good source of fructosan. The 
polysaccharide is readily hydrolyzed by mild acids. The plant has 
been suggested as a source of fructose and of industrial alcohol. (For 
an extensive bibliography concerning this problem see reference 17.) 


TABLE XXXIII 

Yield Data fob Several Varieties of Jerusalem Artichoke 

Corn 


K 


— ^Yield per Acre 

S 

Average 

Average Equiv- 

Variety 


. Cor- 

Washing- 


Total Sugar 

Alcohol 

alent 

or Acces- Urbana, 

vallis, 

ton, 


per 

per 

per 

per 

sion 

lU. 

Wash. 

D. C. 

Mean 

Ton 

Acre 

Acre 

Acre 

Number 

tons 

tons 

tons 

tons 

poxmds 

pounds 

gallons 

bushels 

Blanc 









Ameliore 

6.43 

18.42 

7.90 

10.92 

313.8 

3426 

238.0 

91.2 

Chicago 

4.98 

19.96 

8.48 

11.14 

356.4 

3969 

275.7 

105.6 

26,944 

9.28 

21.51 

8.88 

13.22 

315.4 

4170 

289.7 

111.0 

26,984 

6.36 

20.00 

6.32 

10.90 

336.8 

3670 

256.0 

97.7 

27,007 

8.11 

18.62 

9.55 

12.10 

318.4 

3853 

267.7 

102.6 

27,079 

8.81 

15.52 

8.90 

11.08 

368.0 

4076 

283.1 

108.5 

27,095 

7.67 

18.08 

11.13 

12.29 

358.6 

4407 

306.1 

117.3 

27,574 

10.95 

20.78 

11.40 

14.38 

380.2 

5467 

379.7 

145.5 

28,098 

7.74 

19.08 

7.53 

11.75 

307.2 

3610 

250.8 

96.1 


Table XXXIII shows data as presented by Boswell and associates 
(18). Twenty varieties of the plant were studied. Those that gave an 
average sugar yield of 10.69 tons per acre or better are tabulated, as 
well as the pounds of sugar yield per acre. In the last column of the 
table, corn equivalent per acre is given for comparison (yields are on 
the basis of 90 per cent of theoretical anhydrous alcohol). The 20 
varieties of Jerusalem artichokes examined by Boswell and his cowork- 
ers contained an average of 13.33 per cent of levulose and 16.38 per cent 
of total sugar. No practical use of this plant has yet been made by the 
alcohol-producing industry of this country. 


Preparation of the Material for Fermentation ( 17 ) 

The dried or fresh tuber chips are extracted with water in a diffusion 
battery at 80° C. The extract is concentrated under reduced pressure 
to a concentration greater than 70 per cent total solids. Whereas 
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bacteria and yeast do not grow in this syrup, mold growth can be 
prevented only if it is stored in an atmosphere of carbon dioxide. 

Fermentation of the Syrup. The syrup is diluted to contain 12 per 
cent reducing sugar after acid hydrolysis. Acidification of the poly- 
saccharides to a lAi of 1.75 with hydrochloric acid and heating for 1 
hour at 80° C. effect complete hydrolysis. The syrup is then sterilized, 
cooled, and inoculated with Saccharomyces cerevisiae, S. anamensis, or 
S. pomhe. The yield of alcohol is 90 per cent or more. The syrup 
requires no further hydrolysis before fermentation, and no nutrients 
have to be added. The fresh tubers and their dilute extracts do not 
keep well. Some methods for storage, however, have been suggested 

According to Undcrkoflcr and his associates (17), who studied this 
problem extensively, the fermentation of artichoke syrup offers no 

SumTe Liquor as the Carbohydrate Source. The June 1945 issue 
of Pulp and Paper Industry (20) contains an excellent article 
ing the production of ethyl alcohol from sulfite liquor. It describes the 

alcohol plant at the Puget Sound Pulp and Timber 

the world’s largest plant of this type. The sulfite pulp effluent (sulfite 
liquor) obtained at this plant contains 1 per cent fermentable sugar 
and is concentrated to contain 12 to 13 per cent sugar. The sulfur 
dioxide is removed, and the pH is adjusted with lime. Urea is added 
?o serve as nutrient for the yeast. From the fermenting mash the 

Ctr a" -zs “ « j-rz z a 

extensively used for yeast manufacture. 

ETHYL ALCOHOL FROM CELLULOSE-CONTAINING 

materials 

ZrZm»ny''n.a3urod significant quantities 
Slot process and from sulfite l-HUors^ totahng 

ir zzzTr : ixzzzerz r/zz — 
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yea^t reuse iiiethfKl rt^quirin^ i'lily 5 liours. The t^\o ‘uood 

^ugar plants in tJennany were using the well-known methods, as given 
111 the earlier literature, thving to tlie ehemieal recpiireinents, this 
j»roc*i'>s is iiiipraetiealih*. Alnaist all sullite lic|iK>i‘ in Cieriuany ^^as 
einpl<.»yetl t** produce yea^t and alcohol. According to the report, 
Geriuan alcohol-inanulacturing methods did not imi>rove during the 
war. 


ETHYL ALCOHOL FROM WOOD WASTE 

Several processes liave been describcil dealing with wood saccharifi- 
cation. The Bergius-Hheinau C22l process is based on the discovery 
of W illstatier that 40 per cent hydrochloric aciti solution completely 
hyiln*lyzes cellulose t«» glucose at riK»m temperature. Wood is used 
the s<»urce ci llulose; lignin, lunvever, is not attacked by the acid. 
After hydrolysis, the mi.xture is neutralyzed with lime, filtered, and 
fermented with a suitalde strain of yeast. In the Scholler (23) process, 
dilute sulfuric acid, higli ti-mperature, and steam umler ju'cssure are 

used for the hvdroivsis of the wooil cellulose. 

• » 

The Madison Wood Sugar Process. Scientists of the U. S. Forest 
Hrotluets Luljoratnry (24i have (levelo|H'd a proeess ft)r tlie i)n)duction 
of u()«>d sugar and its eonversion to ethyl alcohol. This process is 
suiK'rior in many respects to the CJennan Scholler method. Hydrolysis 
is aroiimplished in shorter time, ami heating is at a lower rate, so that 
less sugar is destroyed and fe wer yeast inhibitory hy-produets arc pro- 
duceel ami therefore fermentation is more rajiid. The sugar formed in 
2.8 hours from a ton of dry, barkfree, Douglas fir wood waste yielded 
64.5 gallons of 95 jK-r cent alcobol, as compared to 13 to 20 hours for 55 
gallons by tlie .^clioller process carried out in Germany. In the new 
modification, the woexi waste is hydrolyzed with 0.5 to 0.6 per cent 
sulfuric acid at 150° to 180° C. Then, the mixture is adjusted to the 
desired pH and fermented. Figure 27 shows the pilot-plant equip- 
ment employed in the production and fermentation of wood sugar 
(glucose from wood! in the Madi.son laboratory. It is expected that 
this process will produce 5.9.50,000 gallons of alcohol per year at the 
hydrolysis plant in Springfield, Oregon. A method for the deter- 
mination of fermentable sugar has been published by Saeman and 
aaaociaiea (251. 


■THYl# AIX^OHOL FROM THE FERMENTATION OF LACTOSE 

IN WHET 

Br owne ( 26) , with a view to finding a use for cheese whey, studied 
the fennentatkm of lactose to ethyl alcohol by specific yeasts. The 
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TABLE XXXI^ 

Fermentation Data on Lactose 
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followinp; organisms were used: Torula cremoris, American Type Cul- 
ture CoTleetion (A.T.C.l 2512; Toridopsis sphocrica, A.T.C. 2504; 
Torula lactosa, A.T.C. 7014; yeast, A.T.C. 2702; and kefir yeasts KA2, 

KY6, KY8, andKYlO. 

First Culture Medium. Alcohol yield was first tested in a medium 
containing 100 grams of lactose hydrate, 1.0 gram of monomnmomum 
phosphate, and 0.7 gram of ammonium sulfate PtT litcn The medium 
Uis warmed to dissolve the lactose and autoclaved. The pH iias 5.1, 

and the Brix was 10 A , ^ 

Y’cast 2504 showed an alcohol yiehl of 2;>.3 per cent, and tic o lei 

76.3 to 83.0 per cent, after 11 to 17 days of fermentation. , 

Large Medium. This was prepared by using 5 lfiers_of ey to 
inoculate larger ma.shes of the aerated, “ feed-in ” type. The pitching 
(seeding) yeast was separated liy centrifuging, filtering, and aeiating 

mash employed was a filtered or unfiltered 
sweet reniief elieese whev. The wlu'y was heated to boiling, filteied 
through a filter jiress with Filter-(\‘l, adjusted to pH 4.5 with 
acid, and cooled. Tluai 0.013 per cent of ammonium sulfate was addc , 

Bull till' wlicy was |>it( lK'il wHIi tlu' iilKanislli. 

Formcntalion was f t! dolLinod 

„.hen the .•ttenuat.i.n » 'through a eoa.rifuge to 

Cr'aTe the y. as, het.oe distmation. The lafgc-scalo experiments are 
summarized in Table XXXIV. 

recovery of fermentation stillage as feed 

The grain liistillers and brewers have developed ennipment and an 

attractive market foi tlmi i a dried stillage that is 

facturers of butanol ami acetone arc pi ulii ng a » « ^ 

hi«h in vitamin eontent, o«pee.a ly m f peob- 

flcs distillers arc still X only wa tc from a 

1cm. Stillage (resi.lue from Uie ^ 

distillery operating on ceicn gvmpcndcd. This stillage has a 

6.day biochemical oxygen demand ^^^‘'^through screens 

per million. Before drying, the s S ' passed through 

(l-mm, opening). The 1 ^,,^ jg called dMlem* graim. 

W .crocned -tillage is sent in drum 

trated to 26 to 86 per cent solids. This syiup 
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driers to yield distillers’ dried solubles. This product was originated 
in order to replace expensive dried milk products used in poultry and 
other livestock rations. Boruff and associates (27) use centrifuges 
prior to multiple-effect evaporation. This process is said to throw 
more of the drying load on the rotary driers, thus reducing steam 
consumption per unit of stillage produced. The protein, fat, vitamin 
content and the bulk of the dried grains make them valuable in dairy 
rations. The dried solubles containing large amounts of soluble pro- 
teins and of vitamins serve as valuable additions in poultry and swine 
rations. The vitamins in these products originate from the grains used 
as well as the yeast developed in the course of fermentation. Boruff’s 
review (27) contains many important details concerning distillers’ 
grains and solubles and a bibliography of recent articles. 

/ 

LITERATURE REVIEWING THE PRODUCTION OF ALCOHOL 

AND ALCOHOLIC BEVERAGES 

Wilkie and Kolachov (28) described the production of power alcohol, 

plant construction, and raw materials. Jacobs (29) has given an 

extensive presentation of all important factors concerning the distilling 

industries, such as production, consumption, organization, sources, 

financial aspects, and uses. Arroyo (30) has written a very useful 

monograph dealing with the production of rum. In the book by Hirsch 

(31) may be found procedures for the manufacture of whiskey, brandy, 

and cordials. De Becze and Rosenblatt (32) published a critical 

review concerning the various processes employed in continuous fer- 
mentation. 

BY-PRODUCTS OP ALCOHOLIC FERMENTATION 

In 1860 Pasteur proved that, besides the alcohol and carbon dioxide, 

some glycerol and succinic acid are also formed from the sugar by the 

yeast. Only a very small amount of sugar is utilized by the yeast cells 

during Its growth. Much of the vanished glucose may be isolated in 

the form of an unfermentable polysaccharide which yields reducing 
sugars on hydrolysis (Guillemet and Leroux). 

A number of products form in small quantity during alcoholic fer- 
mentation. These add aroma and flavor to the final product. Ehrlich 
(33 34) published a number of papers on this subject. He has shown 
that phenylalanine was changed to phenylethyl alcohol, tryptophane 
to mdolethyl alcohol, histidine to ^-imidazolethyl alcohol, valine to iso- 
butyl alcohol, leucine into isoamyl alcohol, and tyrosine into para- 
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hydroxy-S-phenylethyl alcohol. Thus are formed the higher alcohols, 
amyl-, propyl- and isobutyl alcohol or fusel oil. Phenylethyl alcohol, 
for instance, is a fraction of oil of roses. Other higher alcohols have 
a slightly bitter taste. These higher alcohols are believed to play a 
role in determining the typical flavor of beers, originating in the differ- 
ences in cereal proteins. Ehrlich has also shown that glutamic acid 
might be transformed to succinic acid by fermenting yeast. 

Numerous investigators (Embden, Euler, Kluyver, Meyerhof, Neu- 
berg. Van Laer, Warburg, and others) have made important contribu- 
tions to the chemistry of fermentation. The number of 
which form and take part in alcoholic fermentation is very l^rge. 
quantitative data see Table XXXV. All the compounds and enzymes 
interacting in this highly interesting and complicated process are no 

^Xsiyn ltd Dunr"(35) studied the formation and ^ 

fixed acds formed are lactie and euccin.e aerde, whereas 
pyruvic and glyceric acid form only in traces (36) . 

GLYCEROL PRODUCTION 

Neuberg and his associates (37-39) were the first 

mechanism of the formation of glyeerol from sugar when the fermenta- 

tion medium contained neutral sulfite or alkali. In p 
i^llfitreugar is fermented to one moleeule of glyeerol per molecule of 

acetaldehyde formed: 

CeHrsOo = CHsOHCHOHCHeOH + COs + CH£HO 

Glycerol 

FSiors 1 i^^tepfortd ^m^rredt 

employed and the composition of the “ed'um < > ■ 

wir ^ ration of alcohol . glycerol 

is 100:6 to 100:14; in beer it is 100:1.5 to 100.5. 


4 
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T a nroduced dycerol by controlling the fermentation of 

dtloTe oTllassos, wit/the add.t.on of MgSO.. as ,.11 aa 
Na 30 , For the substrates, products obtained from starchy 

rials and maltose wcie^^^^ fermentation and 

do red 20 per cent of the theoretical glycerol. Using dextrose under 

rimilar 'on^tions, 3 J O' ^1 starch or starch corn products, 

|”pe7c"enrof toreticri gl/cerol was obtained. Large ye^t 

Lrove'y "per S. "I^y" ettett 

"'°The Sulfite Process. The following is an example of the sulfite 

process (42) . 


Medium. Sucrose 

/ijxutioniuin nitrate 
Dipotassium phosphate 
Sodium sulfite 


1 kilogram 
50 grams 
7.5 grams 
400 grains 


OOUIUIII 

Dissolved in 10 liters of water. 

This medium is inoculated with 100 grams of fresh yeast and incubated 
-S: ^ I rre" S as a — ^ ^ vtl^ 

““off pro^L" Tay ru:rr?s 

and malt sprouts, or sucrose ” j; is ’17,5 to 20 grams per 

=. Xmorrchlonde increases the yield of 

glycerol. The medium IS kept .Uipsoideus (var. 

line compounds used are about 6 per ^ent^ ^ .s 

tTca'ied fllsu: by adding 0.0 to 1 per cent of sodium 

carbonate to the medium. associates, for the production of 

gly^ nn"«n— 
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with each two molecules of glycerol: 

2C6H12O6 + H2O = CH3COOH + 2CH2OH— CHOH— CH2OH + 

C2H5OH + 2CO2 

For an extensive discussion concerning glycerol production by the 
fixation method see reference 45. 

THE COURSE OF ALCOHOLIC FERMENTATION 

Alcoholic fermentation may be defined as the conversion of sugar 
into ethyl alcohol without the interaction of atmospheric oxygen. It 
consists of a series of oxidations which bring about a series of simul- 
taneous reductions. These are called oxidation-reduction systems. 
They include various substrates, enzymes, coenzymes, and activators 
(see Part I of this book) . The yeast cell also contains enzyme systems 
which catalyze the interaction of oxygen, such as the cytochrome and 
hemin systems. This function is called respiration. It is an impor- 
tant mechanism of the yeast cell but does not directly concern alcoholic 
fermentation. 

In the course of fermentation, during the stepwise breakdown of 
sugar, each oxidation is followed by phosphorylation. This is a mech- 
anism for the storing of energy which is made available by the oxida- 
tions. The stored energy is used in biosynthesis, a process which we 

usually call growth and life. 

% 

On the basis of present findings, sugar fermentation by yeast pro- 
ceeds as follows. From glycogen, which is always present in yeast, 
glucose- 1 -phosphate (Cori ester) is formed by phosphorylase. This 
ester is transphosphorylated to glucose-6-monophosphate (Robison’s 
ester) by phosphoglucomutase. From glucose-6-monophosphate, the 
isomeric fructose-6-phosphate (Neuberg’s ester) forms. This reaction 
is catalyzed by phosphohexose isomerase. Fructose-6-phosphate takes 
up a second molecule of phosphoric acid, changing into fructose-1, 6- 
diphosphate (Harden-Young’s ester) by the action of phosphatase. 
Here, adenylpyrophosphoric acid supplies the phosphate (46) . Fruc- 
tosediphosphate is changed to dihydroxyacetone phosphate and to 
d-3-phosphoglyceric aldehyde by aldolase (47) . The d-3-phosphogly- 
ceric aldehyde is oxidized to 3-phosphoglyceric acid by triosephosphate 
dehydrogenase. This reaction requires codehydrogenase I, adenosine 
diphosphate, and inorganic phosphate (48) . However, this oxidation 
has-been divided into two separate reactions. First, phosphoglyceric 
aldehyde is oxidized to some intermediary compound, which has not yet 
been isolated. This unknown compound is oxidized to d-3-phospho- 
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elvceric acid (49), which is changed to d-2-phosphoglyceric acid by 
phosphoglyceromutase. d-2-phosphogly ceric acid is converted into 
Lol-phosphopyruvic acid by the enzyme enolase (50) . Phospho- 
pyruvic acid interacts with adenylic acid, yielding adenosinetriphos- 

phate and pyruvic acid (51). + ,,^^1 

The various reactions just listed are the same m yeast and muscle. 
The final reactions, however, from pyruvic acid on, are different. In 
yeast pyruvic acid is changed to acetaldehyde by carboxylase T 

necLary for this reacUon is furnished 
iaLt Lnf by reduced cosymase. This reaction f ^ 

^stag SnZted enzynre systems, have been described in the first part 

lei lently tviewed by Barron (62) . Figure 28 s a scheme of rea - 
“n r ftey appear to take place in alcoholic fermentation and in 

Iscle glycolysis. See also Part I of this volume. 
the disaccharides, sucrose, maltose, and lactose. 

directly FERMENTED BY YEAST 

Willstatter and associates, and 

able disaccharides (sucrose, ma tose, an action of the invertases. 

by yeast and do not require the P-hmmary action 

For instance, Stark and Somogy < pjj maltase) was 93 

rlrwhim: o„l 27 .mnutes at pH at whmh malta. 

1 warinaoTive. " Ihif liTtes thTthe action of maltase is not 
required for the fermentation of maltose by yeast. 

inhibitors of alcoholic fermentation 

The addition of substances that Produce^ tTSeltrmlll 

fermentation medium activators on the rate and 

llir— it to'al the substance to be tested after 

S tatt“ St 

Ss“ irr^rt" ^d maceration iuioe (Lebedev 
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juice) and activator-free zymase preparations show an induction period 
of several hours. Some zymase preparations do not ferment at all, 
unless a small quantity of sodium-hexosediphosphate is first added to 


Polysaccli ande 

(starch or slyco^en) Glucose 

1*1 iKaHPO^ *1 -h ATP 

Glucose-l-phosphate * G lucose-6-phosphate (Robison ester) + ADP 
(Cori ester) ^ -j* 

Fmctose-G-phosphate (Keuberg ester) 

+ ATP 

I ▼ 

Fructose-l;6-diphosphate •l- ADP 
(Harden-Young ester) 



w 

DiHydroxyacetone phospliate 


Of -Glycerophosphate 

l + HjO 

Glycerol + HaPOi 



8*Glyceraldekyde phosphate 


+ DPN 

l:3-Diphosphoglyceraldehyde 

I | + 

l:3.Diphosphoglyceric acid 

1*1+ ADP 

3-Phosphoglyceric acid -f ATP 

tl 

2-’Phosphoglyceric acid 

H 

(Enol) Phosohopyniyic acid 


I 


+H2-DPN n 

Lactic acid ^ ^ I Pyruvic 

+ DPN I 


i 


* +ADP 


In muscle glycolysis 


l+DPT 

Acetaldehyde + {€ 02 ! 

\ Ih-HsDPN'n^ 
Ethyl alcohol + DPN ^ 


In alcoholic fermentation 


or Ifcf ions required. 

Abbrevia^ons for the dialyzable component; 

w*®' X, l>PN=diphosphopyridme nucleotide (codehydrogenas. 

H 2 -DPN=reduceddiphosphopyi^dine nucleotide, 

K*HP 04 ^no^c ph^phate DPT=diphoBphothiamia (cocarboxylase). 

i^^eaction could not be proved. 


Fig. 28. Scheme of alcoholic fermentation and muscle glycolysis. 

the fermentation mixture. Addition of a small amoimt of acetaldehyd 

together with hexosediphosphate accelerates the elimination of th 
induction period. 

inhibitory Substances. Although the action of fresh yeast is no 
affected by excessive amounts of phosphate, various zymase prepara 



324 I’HODUCTION OF KTHVL ALCOHOL BY FERMENTATION 

ti„ns arc inhibited by them and prolonged induction time results. Very 
lupi, sugar eonc(>ntrations have no effect on the induction time but have 

•in inhiliitory action on the rate of fermentation. 

Selective' Inhibitors. Some substances, such as toluene, fluorides 

.nonoiodoacetic acid, and sulfites, selectively inhibit 

suuar breakdown bv fresh yeast. Toluene, however, does not inhibit 
fermentation by yeast-maceration juice, provided that a small amount 

rfif .'ildchvdc is ]>rosent, ,, ^ 

iiMlium fl'iK.iKlo inllibiu carbon dioxide formation as n-ell as t 

„i;,::p„„r;ia.ion of sugar. Yeas, glycogen however, rs P 

.•;T. ’:X:>"p'!:-‘trardtf been poisoned 

“bmot bexosediplmsphate. Tbe pbosphoglyceric ocjd .s 

r,:rr- r 

earlier stage than floor, des ,J 'J“3UbyNilsson, 

i“;:r;arKtr 

Nilsson (54). 
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CHAPTER XVIII 

THE ROLE OF ENZYMES IN BREWING 

Successful beer making depends on the proper control of two senes 
of isolated enzymic reactions (1, 2). The first reactions occur during 
malting and mashing and are carried out by the malt diastases and 
other malt enzymes. When the first series of reactions is completed, 
these enzymes are destroyed by boiling the wort. A second group of 


Q»j ConoprctAor 



Fig. 29. Flow sheet of brewery process. 


enzymes is introduced by the addition of yeast to the cooled wort. 
These enzymes act during fermentation, storage, and maturing of the 
beer. To be able to regulate enzyme activity in these successive opera- 
tions, a properly balanced wort must be obtained. Carbohydrates as 
well as nitrogenous compounds must be correctly distributed. Figure 
29 represents a flow outline of brewing (1). 

The Malting Process. Malting is the operation that effects the 
softening of the cell walls of the barley kernel by the action of 
cytase ” and a partial hydrolysis of the proteins of the grain. Starch 
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hydrolysis is only slight during malting. The malting process must be 
conducted in such a manner as to obtain maximum enzyme formation 
and minimum loss of metabolites. Usually barley is employed in the 
production of malt. Other cereal grains, however, may also be used. 

The fc^llowing arc the main phases of malting: 

1. Washing awl Steeping. The clean grain is stored in large cylin- 
ders, barley malt elevators, until needed. In large steel tanks washing 
and soaking (steeping) of the barley take place. 









Anheuser-Busch, Inc, 


Fig. 30. Geriniiinting (irums. 


2. Germination. After the water has been drained off, the barley is 
transferred to either germinating drums (Fig. 30), floors, or compart- 
ments. A stream of tem])(>rate humid air is supidied through the gram 
us it is being turned over. Within a few days, germination of the 

t){ii’l(’V is coinplotc. . 

3 Kilning Germination is arrested by slow artificial heat m drying 

kilns wliero special machinery continually turns the barley over, to 

exiiosc each indivi.hial grain uniformly to the heat. The i'‘’«tlcts aio 

removed from the dried barley, and the malt is stored and agmd. Late, 

the malt is crushed in special grinding mills when needed for the 

during kilning is low at first and is then gradually 
increased. Gare must be taken, however, not to destroy the enzymes. 
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The chemistry of malting has been admirably discussed by Hopkins 
and Krause (3). 

ENZYMES DURING MALTING 


Germinating seeds show increase in the activity of most enzymes. 
The following enzyme systems react during malting: cytases, desmo- 
lases, carbuhydrases, proteolj^tic enzymes, and esterases. 

Cytase. ithin the barley kernel the starcli granules are enclosed in 
a protein film embedded in a complex carbohydrate framework. Pro- 
teases and carbohydrases form in large quantities as soon as growth 
commences. These enzymes cannot act, however, until the protein and 
complex carbohydrate cell walls are broken down and the hardness of 

the endosperm is softened. The enzyme mixture cytase is important 
in this reaction. 

The enzyme known as cytase consists of a group of several enzymes. 
Oppenheimer (4) lists under cytase the several polyases that hydrolyze 
mannan, galactan, xylan, and araban. The last two polysaccharides 
are i)robably hydrolyzed by the same enzyme. 

During malting the soluble pentosans increase from 0.25 per cent to 

1.1 per cent (5). The exact nature of these pentosans is not known. 

Though it has been stated that pectic enzymes have an important role 

in the disintegration of the barley kernal, it has been shown that neither 
barley nor malt contains any pectin (6) . 

Cytase activity tests using a pentosan as a substrate might be a 

useful tool in the evaluation of barley, since this activity probably 
precedes that of other enzymes. 

Malt lichenase acting on a cellulose-like hexosan called lichenin 
converting it to cellobiose, has been extensively investigated The 
artmty „f the enzyme increases considerably during germination 


Desmolases. Germinating seeds contain independent fermentation 

I Q ^ t m or presence of oxygen 

u he main directive factor. Carbon dioxide formation, however does 

thlt tT”"* r is "ell known, for instance 

0^™-' “id also 

During steeping a constant supply of oxv^en hrr.,irrV,+ u ^ , 
proper ventilation, is important. If the oxygen ;upply\ deprled"^ 

are formed, and germination is inhibited. Excessive ver^fila+i ’ 

reapiration, which means loss of metabo«tes 
out any respiration is not possible, however. Complete exclufi™ 
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oxygen during malting increases the alcohol formation (fermentation) 
from 0.0155 per cent to 1.7 per cent, whereas, by inhibition of carboxyl- 
ase action in an atmosphere of carbon dioxide, oxygen consumption 


continues (11). 

Barley respiration during germination is increased by aeration dur- 
ing the steep. This also improves the resultant malt and the brightness 
of the resultant wort. A floor malt displayed greater respiration and 
had better properties when processing was completed than a well- 

steep-aerated drum malt (12, 13). 

De Clerck and Cloetens (14) state that inadequate aeration during 
steeping may be detrimental to enzyme formation. During germina- 
tion of barley there is an increase in the flavin-dchydrase system (15). 
This enzyme has probably an important function in the respiration of 
barley. Oxygen consumption increases during germination and may 
be measured with the aid of the AVarburg respirometer (16-17) . 

Oxidases. Malt contains peroxidase, phenolases, and catalase. 
According to Liiers (11), darkening of wort is caused by phenolases. 
Just (18) reported, however, that the darkening of wort is due to non- 
enzymic oxidation by contact with air. He observed that moderately 
kilned malts did not darken more than highly kilned types. Moreover, 
wort darkens even after destruction of the oxidases. During malting, 
catalase activity increased fourfold, whereas peroxidase activity 


remains unchanged (19) . . , 

Malt Amylase. Fletcher and Westwood (20) examined the amylase 
activity of barley during 10 days of germination and found that the 
saccharifying power was at a maximum after 7 days and the liquefying 
power after 9 days of germination. It is not known whether the in- 
crease in amylase activity is brought about by the formation of new 

enzymes or by an activation of inhibited enzymes or 
of inhibitors. Ford and Gutrie had shown as early as 1908 that, after 
treatment with papain, barley released much more diastase 
extracted with water alone. ;8-Amylase m barley is partly bound to 

insoluble proteins and is, as such, inactive. By The'ease 

Ivtic enzymes such as papain, the enzyme is liberated (21). The cas 
during germination may be similar, owing to the considerable increase 
fn barlcfy papainase. The chemistry and technology of malt amylases 
are discussed in various chapters of this volume. 


ENZYMES IN THE MASHING PROCESS 

From the malt mills the crushed grain is 
(cooker, mash tub) where adjuncts and water are added. W hen 
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version of the starches into maltose and proteolysis, under proper con- 
trol, is complete, the mash is drained in the same tank or is pumped to 
other tanks with false slotted bottoms. Here the amber wort is drained 
off, leaving the spent grains behind. The strained wort is then pumped 
through copper containers called “ grants ” into copper kettles where 
the hops are added. After the wort and hops have been boiled together, 
the liquid passes through another straining device to free it from the 
hops. The boiling hot liquid is cooled in special equipment and then 
conducted to the starting cellar for beginning of fermentation. 

American beers are manufactured from mixture of 65 to 80 per cent 

of malt with 20 to 35 per cent of malt adjuncts, such as rice, corn grits, 

corn meal, refined grits, or corn flakes, and various sugars and syrups 

(2, 22). By the proper selection of these unmalted adjuncts, typical 
beers may be developed. 

The Conversion Temperature. This is the temperature at which the 
mash is kept to allow the diastase to produce the desired ratio of sugars 
and dextrins. This is the most important enzymic reaction at this 
stage^of beer making. The optimum temperature for diastase action 
IS 56° to 68° C. When unmalted cereals are employed as adjuncts, 
however, mashing must commence at a lower temperature such as 45° 
to 50° C. At lower temperatures more maltose is formed, whereas if 
the temperature is immediately raised to 75° C. the iodine color becomes 
negative almost at once, less maltose having been formed (22, 23) . 


TABLE XXXVI 

The Effect of Tempekatuhe on the Ratio op Sugar 

TO Non-Sugab in Mashing 


Conversion Temperature, ® C. 

64 

66 

68 

70 

72 


Ratio of Sugar to Non-Sugar 

1 : 0.37 

1 : 0.40 

1 : 0.48 

1 : 0.52 

1 : 0.57 


Table XXXVI shows the effect of temperature on the ratio of suear 
to non-sugar in mashing operations, brought about by diastatic actfon 

For low-alcohol beers high in dextrins, high conversion temperaturas 

rrj “f r 

g mashing, using the infusion system. Maximum «-amylase and 
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fl-amvlase activity occurred close to 56° C. Both amylase activities 
showed a rapid decrease between 56° and 68° C. The activity clecrease 
was more extensive for /3-amylase than for a-amylase. After the opti- 
mum temperature for maltose formation was reached, the rate of ther- 
mal inactivation was considerably lessened by the protective action of 

maltose on the enzymes. , , . + ,acV. 

«- Amylase was completely inactivated during the customary mash- 
ing off temperature of 78° C.; a-amylase was more stable; only 0.55 

per cent was still active after 84° C. was reached. 

The Use of Wheat Malt. Collett and Green (26) found that the use 

of 10 to 12 per cent wheat malt in the grist increases the permanently 
soluble nitrogen and the amino nitrogen. There is a slight increase in 
the pH and a decrease in the buffer coefficient. This residts m the pro- 
duction of a better yeast when wheat malt is used with baidey malt of 
low nitrogen content, and adds to the stability, flavor, and head let - 
tion Although wheat malt results in 4 to 5 per cent more extract than 

barley malt, the malting operation is more difficult. 

retains excessive moisture, which causes moldiness at the kiln. Table 

XXXVII shows average data on chemical changes during malting ( ) . 

TABLE XXXVII 
Changes in Malting (27) 


Barley 

Malt 

62.5 

57.0 

1.0 

3.0 

1.5 

5.0 

9.5 

10.5 

5.5 

6.0 

10.0 

9.5 

2.5 

2.0 

2.5 

2.2 

5.0 

4.8 


Starch 

Reducing sugars (as invert) 

Sucrose 

Pentosans (furfural X 1-71) 

Cellulose 

Protein (nitrogen X 6.25) 

Fat (ether extract) 

Ash . ^ \ 

Other constituents (lignin, tannin, etc.) 

Thr. u. .n ° 

d J ".«r W‘, ~.uld. wi... 

1 • Maltine and Mashing. Barley malt contains a 

papa.^ o rrand 

?eaai,y exUaotad with wa^. ir aTt": trl 

dulmg gonmnation is very eoa- 
“ u is top^rtant to the brewmaster to obtain enough soluble protein 
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breakdown products during malting and mashing to give body, flavor, 
and character to the beer. The nitrogenous products of proteolysis are 
also necessary to furnish the yeast with nutrients during fermentation. 
Proteolysis, however, should not be too extensive. A certain amount of 
correctly dispersed colloidal protein is essential for best results in body 
and foam production and stabilization. 

In the evaluation of nitrogen distribution Liiers and Nishimura (29) 
differentiate between total nitrogen, soluble nitrogen, and coagulable 
nitrogen. Kolbach (30) follows proteolysis by estimating the perma- 
nently soluble nitrogen, which he found to be 20 per cent of the total 
nitrogen of light malt. 


The proper solubilization of proteins is dependent on correct malting. 

In brewery practice it is often found advantageous to determine the 

soluble nitrogen of the laboratory wort. According to Kolbach, on the 

basis of malt nitrogen, 41 per cent soluble nitrogen indicates very good 

solubilization; 35 to 41 per cent indicates good; and below 35 per cent 
solubilization is fair. 

Oliver (31) reported that plant-scale mashing gives at least 25 per 
cent more soluble nitrogen than thin laboratory mashing. The differ- 
ence IS said to be caused by the greater mash concentration and longer 
reaction time of the plant process. Hind and Bishop estimated a 12 
per cent difference between the two operations. Oliver furnished six 
experiments which showed that the figure varied from about 31 to 46 

per cent and depended on the size of the mash and the adjuncts em- 
ployed. 

The proteolytic enzymes can be estimated fairly closely by the 
method of Luers and Loibl (32). They determined proteolytic activity 
by estimating formol nitrogen formed in a mash kept for 3 hours at 

1 vT’i Vu f prepared by destroying the enzymes with 

We°r nlf'' "5!? modified by Kolbach and Simon (33) . 
Laufer (34) published an extensive study on the proteolytic activity 

of barley malt using several methods and a series of substrates 
More recently Laufer (35) conducted mashes on an American malt 

ferfoT *^"^P«^atures (7° to 75° C.) and pH ranges (4 5 to 

6.6) for 1 hour, and at normal pH of 5.5 for 2 hours. The extracted 

soluble nitrogen, permanently soluble nitrogen, and formol nitrogen 

were determined. The optima were at pH 4.5 to 5.0 at 45° to SQo c 

° soluble nitrogen,' 

different de“ee?'o!“;lTX” °*'"' 

/ Tst sr : s re:::: 
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(37) . Barley contains 1 per cent of phospliorus, of which 80 per cent is 
organically bound. Most of the organic phosphate is in the form of 
inositol hexaphosphatc (phytin). These esters are hydrolyzed during 
malting and mashing, thereby furnishing a desirable acid phosphate 

buffer. . . , , r 4 , 

The of the Mash. The pH of the mash is an important factor. 

With neutral mash water the natural acid phosphates furnish usually 
an acid pH, varying from 5.5 to 6.0. Thus the pH of ™ash is not 
always that which is optimum for malt diastase (about 5.0) and oi 
total proteolysis (about 4.3 to 5.0). The pH of the mash may be 
adjusted somewhat but the adjustment must be made at the tempera- 
ture of mashing, since the pH decreases with increase m temperature, 

otherwise a correction is necessary. 

The Rest Period and Sparging. The last phase of the mashing 

operation consists of a rest period. The grains and coagulated proteins 

are allowed to precipitate. Enzyme action, however is still pioceeding. 

The wort is permitted to pass to a layer of grains which functions as a 

filter and is released through the false bottom of the ^^^sh tub If 

enzyme action was correctly regulated during mashmg “ ' 

Lparate settling tank (Lauter tub) or a mash filter 65 

tawever, the yield may be as high as 70 per cent or more, which is the 

^'when*taer'is''mlde°by the higli-temperature short-mashing process, 

gallons 0.66 to dte^everarltcns, namely, to concentrate it 

to destroy the J the sugar for color formation, 

proteins, and to c is necessary for maintenance of a 

““rnt 'augar-dextrin ratio tor the fermentation process. Yeast con- 
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tains very little amylase. The hops have a coagulating effect on 
proteins. In addition, the tannin content of hops has an antiseptic 
effect, whereas the resins and aromatic ingredients of hops give beer its 
typical characteristics. 

After boiling, the wort is filtered through a hop strainer and cooled 
by passing through or over coolers. In most breweries, great care is 
taken to eliminate bacterial infection in all phases of beer making. 

Quick cooling is most beneficial for the precipitation of the protein- 
tannin complexes. 

FERMENTATION 


The cooled wort is run into the starting cellar. Here yeast is added 

to the brew and fermentation begins. From the starting cellar the 

brew is soon transferred to special fermenting cellars supplied with 
purified refrigerated air. 

The yeasts are selected strains of the genus Saccharotnyces cerevisiae. 
The strain of yeast employed in fermentation is important, for it deter- 
mines the character of the beer. Yeasts used in the manufacture of 
lager beers are called bottom yeasts. These types of yeasts collect on 
the bottom of the fermenter when fermenta/tion is about to be com- 
pleted. Saccharomyces carlsbergensis and S. monacensis are typical 

bottom yeasts. For the manufacture of ales, top-fermenting yeasts 
are employed. 


Fermentation is governed by the type and nature of the yeast and 
by the composition, pH, and temperature of the wort. 

The optimum pH for the proliferation of yeast is at 5.4 to 6 8 (39) 
and the optimum temperature is 28° to 30° C. However, in brewery 
practice bottom fermentation is conducted at 5° to 14° C and ton 
yeast fermentation at 13° to 22° C (40). Alcohol inhibits the growth 
of yeast, even in small amounts (0.7 per cent) (41). A concentration 
of 2 per cent has a considerable inhibiting action, and one of 5 to 7 per 
cent stops yeast growth completely. Fermentation, however is not 
much affected at low alcohol concentrations. At 4 to 5 per cent 
concentrations there is considerable inhibition, however, and at an 
a cohol concentration of about 12 per cent fermentation is halted com- 

LStriZ': higher alcohol 

Oxygen (aeration) and extensive mixing accelerate fermentation 
(42) , m general, and result in more complete enzyme activity iTlT 
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In ti.iiK’ l)rf\vcTiLS tin- fc-nviL'nting wort it puinpod to another lermcn- 
tation tank a? .-..on a- the krau.-cai .^tage 1 =; reached; thi- is indicated by 
the tti.i.earance of white foam on the surface of the wort. This effects 
a separation ..f precipitated proteins and hop resins. Larger breweries 
c.llect the carbun dioxide tliat f..nns during fernuaitation by means ot 
eh.sed fermenters and use this gas for carbonation of the beer. 

Fermenltttiou effeets an increa.-i' in temperature. fNlodern breweries 
use co..le<l fermenters to tic-oid too high temperatures. The terment- 
ing action of veast ceases as soon as the fermentable sugar is used up 
dTis re,|uires‘fr..m 5 t.. U) -lays. The pr.uluct at the en.l of this period 
is ••ailed “ V.uug ’• or grei-n " be..r. 'hhis beer still contains suspended 
.Hulerial an.l the final (luality of U.e l.e.'r has to be develop.^al. luir this 
Hurpos,' llu' l.rew is transferre.l to large storage vats, which may be 
gla- lined, where it remains for several weeks, slowly aging to pei ec- 
,ion. During this ,..'ri...l a slow after-fermentation or 
fda.s i.lace. From llu' st.irag.' tanks the lu'er is pumpe.l thumgh 

r,lf.r.s, carbonate.l, an.l finally l...ttL.l i.r racke.l into ki'gs. 

Most, breweri.s pasfuri/,.' tlu-ir mottle.l bc-er at ab..ut t,3 0. foi 20 

‘’'Aftlr-Fermented Beer for Diabetics. Accor.ling to the process of 
Silla.reisi'ii t44l, a highly l.-rni.-nt e.l beer may be prepared by the addi- 

for (liubcTics. 

BEER DEFECTS 

l»rnl,.in», |,r.,l.-in-l.innin .■.'..ins. ..'.•■'■".'■■B'."- 

nrodiice uii.iesirtdile turbidities ill beer. , wtn 

lii'ch Turbidities. are raMse.l by insuni.-.,-,,.. a-yl.- V ic 

Nissrn Jintl (4ri) ohscrvotl ;i nrw kind of (lul id > 

fSissin uni Mrc'(>inila((' WHS prodiUH'd ny 

inn tl„. b...'.' I... ST’ I" t, u",l|T.mt.'i.e of -4" C. 

.......... ...e .....y -o 

'Tl™ mli»rfro.'lurnl.' lurbi.li.ios .U'c p..<,.luc.-d by 
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Protein Turbidities. Protein turbidities are frequent. All colloidal 
solutions have the property of throwing down a precipitate. Since beer 
is a colloidal solution it does not keep for more than a few weeks after 
pasteurization and transportation. 

According to Hartong (46) the more unstable the colloids of a beer, 
the better is its organoleptic property (V ollmundigkeit) . Hartong and 
others have found that the proteins which affect rapid aging and insta- 
bility are the natural proteins of barley that have been carried un- 
changed through the entire brewing process. 

The proteins of barley are: insoluble giutelin, alcohol-soluble hordein, 
salt-soluble globulin, and water-soluble albumin. Wort and beer con- 
tain two natural proteins, one an albumin and another a protein called 
globulose by Hartong. Albumin is readily coagulated by heat; globu- 
lose, however, is more resistant to heat, is salt-soluble, and has other 

globulin properties. Its molecular weight is much smaller than that of 
a globulin. 


These two proteins are the cause of two different kinds of turbidities, 
although only traces of these proteins find their way into the beer! 
They appear after a shorter or longer time interval as a flocculent pre- 
cipitate or as a haze. These turbidities are hastened by shaking of beer 
containers during transportation. 


Helm (47) reported that chill-haze-producing proteins are of the 
order of a few milligrams per liter of beer. According to this author 
chill haze may be prevented (a) by sharp filtration, using filter mass 
mixed with asbestos, or by filtration through kieselguhr at low tempera- 
tures; (6) by tannin precipitation at various stages of brewing- and (c) 
by the use of proteolytic enzymes. ^ 


CHILLPROOFING BEER WITH PROTEOLYTIC ENZYMES 

For the chillproofing of beer proteolytic enzymes have been success- 

fully used since 1911. Small quantities of a proteolytic enzyme are 

added at any stage of brewing, after boiling the wort. The ^enzyme 
acting at the pH of the beer (4.0 to 4.5) renders it stable to cold by 

by Wan?rrteiM«r Tte contribution was made in 1911 

oy w allerstein (48) . The enzymes papam, bromelin, pepsin and those 

nginating from fungi have been used extensively. Wallerstein (491 

s-:h “ “ “ == 
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One honr is allowed for action at 60" C., then the beer is pasteurised 
tor 45 minutes and placed for 1 week in the refrigerator, ^ow a 

turbidity test is carried out. , a r, • .u a 

The Turbidity Tests. Hartong (51) suggests the following methods 

for testing the chillproofness of beer. _ j , t ^ in 

1 Sufficient saturated ammonium sulfate is added to the 

produce turbidity, and the degree of turbidity is measured with the aid 

2 Ammonium sulfate is added, but not enough to produce turbidity, 

and the time for turbidity to occur is determined. 

3 The beer is titrated with saturated ammonium sulfate unti tur 

bidity is shown in direct light. The turbidity may be measured photo- 

PrelTptotion of the beer proteine by ammonium sulfate is constant 
befowTl) S, increases to pH 6.0, and above this value becomes again 

“ThUtor^faess may also be tested by shaking in special containers 

anfcooltag for definite time, and then estimating the increase of tur- 


XXXVIII 


Haze 


Enzyme Added, 
gram per 

hectoliter 

0 

0 . 2 pepsin 
0 . 2 papain 


-fc 

(Pilsener beer, gravity 10.95 per cent, pasteurized) 

Chill Haze Determined Nephelometncally 
after 2 Hours in Ice Water, the Beer having 

Been Kept at 20° for 


Bottled 

under 

Air 

CO 2 

Air 

CO 2 

Air 

CO 2 


w 

0 days 

175 

175 

40 

30 

0 

2 


4 days 

285 

225 

10 

10 

0 

0 


12 days 

450 

350 

16 

5 

7 

5 


30 days 


14 

3 

20 

10 


Head 

Retention 

5.29 

5.05 

4.88 

4.74 

5.10 

4.83 


u 1 A haze may also form without shaking if 

S‘beer"i: a"S"^nd for a sufficient period. Only if the base 

forms too experiments by Helm (53h 

Table XAXViiJ. buuwo r^mteolvtic enzymes on the 

Srh“tt.^Vr;re:erce of oxygen the turbidity is much 

recommended. 
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CHAPTER XIX 


MOLD FERMENTATIONS 

The selection of the proper organism in industrial fermentation is 
apparently the most important factor. Small-scale laboratory experi- 
ments must be conducted which show that a specific organism has the 
ability to convert a certain substrate to the desired substance with good 
yields. The most economical media must be selected. Optimum con- 
ditions for oxygen supply (in the case of an aerobe) , of temperature, 
and of speed of agitation must be determined. The production of 
various compounds with the aid of microorganisms offers the most 
fascinating problems. Wells and Ward (1) state; “ Indeed the nature 
of these problems is such that no process can be considered beyond 
improvement.” 

The conversion of agricultural surpluses and wastes into desirable 
chemical products is important from the standpoint of national 
economy. The probability of competition by new chemical methods 
to biological processes, however, must always be considered. 

CITRIC ACID PRODUCTION BY FERMENTATION 

Citric acid may be prepared synthetically but not industrially. 
Some is manufactured from citrous fruits in California and some from 
pineapple in Hawaii; however, the most important method of manu- 
facture of citric acid is by the fermentation of sucrose by molds. The 
first successful industrial application was conducted in this country; 
see Table XXXIX (2). Whereas before 1927 much citric acid was 
imported (Table XL) from Italy and other European countries, during 
the 1930’s large quantities of the acid were exported to Europe (2). 
Herrick and May (3) are of the opinion that it is unlikely that the mold 
fermentation processes will be displaced by any method of synthesis. 

Wehmer (1892) was first to describe a group of fungi which produced 

citric acid from glucose. He named them Citromyces. These fungi 

were green Pemcilha. Later it was found that strains of Aspergillus 

mg^, A. aureus, A. clavatus, P. luteum, P. citrinum, Ustulina vulgaris 

and several other molds are also citric acid producers. Citric acid may 

be produced from 3- 4-, S-, 6-, and 12-carbon sugars. Maximum 
yields were obtained from sucrose (4-6) . 
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TABLE XXXIX 

United States Production of Citric Acid for Saee, 1914-1935 (2) 

(From the U. S. Bureau of the Census) 


Average Price 


Year 

Pounds 

Value 

per Pound* 

1914 

2,657,840 

$1,516,326 

SO. 53 

1919 

3,163,676 

3,047,371 

1.10 

1921 

3,849,789 

1,913,774 

0.49 

1923 

5,689,473 

2,829,306 

0.50 

1925 

7,589,213 

3,469,740 

0.46 

1927 

7,058,215 

3,150,976 

0.44 

1929 

10,755,789 

4,832,984 

0.46 

19^1 

8,361,441 

3,060,185 

0.36 

1933 

5,695,793 

1,795,382 

0.32 

1935 

10,493,068 

2,768,377 

0.28 


* Current price. $0.24 per pound; average price figures from trade journals. 


TABLE XL'- 


U. S. Imports of Calcium Citrate and Citric Acid 

FOR Consumption, 1910-1936 (2) 

(Figures from U- S. Bureau of Foreign Commerce and Navigation) 


r^nlniiim Citrate 


d+i'ie Anifi 


Year 

1910* 

1915* 

1919 

1920 

1921 
1922t 

1923 

1924 

1925 

1926 

1927 

1928 

1929 

1930 

1931 

1932 

1933 

1934 

1935 

1936 


Duty 
per Pound 

Free 

$0.01 

0.01 

0.01 

0.01 

0.01 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 


Pounds 

4,114,256 

6,242,244 

3,865,294 

12,490,196 

988,969 

16,000,692 

1,672,604 

1,938,647 

3,475,964 

3,039,319 

416,045 


None 

None 

None 

704 

65,272 

None 

None 

None 


Value 

$ 568,175 
1,109,629 
1,583,806 
3,027,823 
151,811 
2,223,506 
200,143 
199,620 
376,694 
347,073 
46,864 


None 

None 

None 

34 

2,367 

None 

None 

None 


Duty 
per Pound 

$0,07 

0.05 

0.05 

0.05 

0.05 

0.05 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 


. to ™ to •>.. "• 

t New law went into effect Sept. 22, 102 . 


Pounds 

Value 

142,001 

$ 40,967 

722,434 

447,131 

1,224,591 

1,187,267 

1,317,467 

1,142,842 

922,737 

490,084 

1,325,366 

477,568 

757,864 

233,665 

673,114 

186,512 

288,574 

79,634 

284,897 

77,525 

71,291 

18,515 

1,338 

624 

None 

None 

6,726 

1,987 

90,850 

19,641 

134,521 

19,746 

9,784 

1,213 

5,275 

748 

675 

79 

40 

12 


for the calendar year. 
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When sucrose is fermented 1 molecule of the cane or beet sugar pro- 
duces 2 molecules of citric acid, or 1 gram of sucrose produces 1.12 
grams of citric acid, 

C 12 H 22 O 11 -f- H 2 O -J- 60 = 2 C 6 H 8 O 7 -{- 4 H 2 O 

Sucrose Citric acid 

Not all the theoretical amount of sucrose is converted to citric acid. 
Some is utilized in the formation of mycelium, and some is converted 
to carbon dioxide owing to respiration of the organism. 

Doelger and Prescott (7) have extensively studied citric acid fermen- 
tation, using liquid media in aluminum pans. 

Medium. Doelger and Prescott (7) recommended the following me- 
dium which, with a certain strain of A. niger, produced good citric acid 
yields with only 2 per cent of oxalic acid; 


Ghams per Liter 


Sucrose 140 

NH4NO3 2.23 

K 2 HPO 4 1.00 

MgS04-7H20 0.23 


This medium is adjusted to pH 2.20 to 1.60 with N hydrochloric acid 

and sterilized at 8 to 10 pounds’ steam pressure per square inch for 30 
minutes. 


Optimum Conditions for Shallow-Pan Fermentation. Shallow 
aluminum pans (25 by 33 cm.) of 99.8 per cent purity, which allow 
large surface fermentation, yield best results. Copper, iron, and other 
metals are harmful to mold growth. The optimum temperature is 26 
to 28° C., and fermentation requires 7 to 10 days (7). Agitation 
Retards growth and should not be used, nor is an extensive air supply 
required. Air, however, is necessary for the oxidation. The omis- 
sion of calcium carbonate results in higher yields and shortens the fer- 
mentation period (8). Usually the yield of citric acid is about 60 per 

cent of the sugar employed. A yield close to 100 per cent has been 
reported by Bulkewich and Gaewskaya (9). 


Production of Citric Acid by Submerged Fermentation 

d,™ 51 ■* impossible to pro- 

duce eitac acid by the submerged fermentation method on eommercill 

stale. However, Saucs ( 10) disclosed a procedure for the production 

of citnc acid by submerged fermentation using A. niger as the organism 

should be supplied with finely dispersed oxygen or an oxygL-contaTn^ 
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ing gas. The inoculum is grown for 3 to 4 days at 25° C. in the follow- 
ing medium: 

Grams per Liter 


Sucrose 

MgS04*7H20 

KH 2 PO 4 

NH4NO3 

HCl {N) 


25 to 50 
0.25 
0.30 
2.25 

10 cc. (pH 2.0) 


The solution is agitated while oxygen is passed through. The myce- 
lium is transferred into a fermentation solution of the following com- 
position: 

Grams per Liter 


Sucrose 

NH4NO3 

KCl 

MgS04-7H20 

HCl (N) 


200 

1.10 

0.15 

0.25 

10 cc. (pH 1.91) 


Fermentation is carried out under vigorous stirring at 25° C. Finely 
dispersed oxygen is passed through 2 liters of solution per minute. The 
presence of oxygen under an increased pressure of 1 to 4 atmospheres 
is claimed to have an accelerating effect on citric acid production. In 
about 4 days, 70 to 75 per cent of the sugar consumed is claimed to 
have been converted to citric acid. Other carbohydrates such as fruc- 
tose, glucose, purified molasses, corn syrup, and corn sugar may also be 

used in this process. u + 

Waksman and Karow (11) found that, by employing A. wentii, but 

not A niger, as the fermenting organism, citric acid may be produced 
by the submerged procedure. A. wentii, according to these investiga- 
tors grows rapidly under submerged conditions as well as under surface 
conditions. It produces citric acid abundantly but little oxalic and 

gluconic acids. 


Suggestions for Improvements in Citric Acid Production 

Gerhardt and collaborators (12) purified beet molasses with potas- 
sium ferrocyanidc and diatomaceous earth in order to make it of use 
for citric acid production by A. niger. The shallow-pan method was 
employed, simulating conditions in industry. Yields of 60 per cent of 
the available sugar (calculated as sucrose) were obtained. It was sug- 
gested that beet-sugar impurities that are inhibitory to cffric acid pro- 
action are probably an excess of heavy-metal ions, which are removed 

by the reagents just mentioned. 
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Prolodyakonov (13) suggested improvements for the production of 
citric acid by A. niger under plant conditions. By replacing ammo- 
nium nitrate with ammonium chloride in the nutritive medium it was 
possible to grow the mold in the presence of Bact. coli and B. lactis 
aerogenes without affecting the yield of citric acid. These bacteria 
convert HNO3 to HNO 2 and thus inhibit citric acid formation by the 
mold. B. subtilis, Oidium lact., and A. fumigatus did not change 
the acid-forming capacity of the mold; other organisms, however, 
almost completely destroyed the acid-forming micelles. The citric 
acid was separated as the calcium salt. Washing the containers and 
the air in 1 per cent formalin is suggested. 

Ammonium sulfate inhibits the formation of oxalic acid by various 
molds (14). Quaternary ammonium or cyclic ammonium compounds 
were recommended as accelerators in the fermentation of molasses by 
Aspergillus, Citromyces, Mucor, etc., for citric acid production. The 
amount of accelerator necessary is 1 to 2 per cent of the carbohydrate 
in the medium (15). 

Isolation of Citric Acid. When fermentation is complete, the solu- 
tion is drained off and the mycelium is pressed free of the absorbed 
citric acid. From the hot solution the acid is precipitated as the 
calcium salt. The citric acid is liberated by the addition of an equiva- 
lent of sulfuric acid and separated from the calcium sulfate. If desired 

the unchanged sugar may be fermented by yeast before precipitation 
of the citric acid. 

Industrial Production and Uses. At present 26,000,000 pounds of 
citric acid are produced annually in the United States by one large 
company. This quantity appears to be insufficient to meet the demand 
(16) . Probably all countries now produce citric acid by the fermenta- 
tion process. About 65 per cent of the acid produced in this country 
IS used for pharmaceutical purposes (citrates, etc.), 15 per cent is 
employed in foods, and 9 per cent in candies. The remainder is used 

in the preparation of inks, in dyeing, silvering, calico printing, engrav- 
ing, etc. (3). 


The Chemistry of Citric Acid Fermentation. Nothing is definitely 
known concerning the sequence of citric acid formation, although 
numerous investigations of this interesting problem have been made. 
Citric acid was found to be produced from the following carbon 

sucrose, arabinose, 

^lose glycerol trioses, glyceric acid, raannit, gluconic acid, saccharic 
acid, adipic acid, acetic acid, glycolic acid, and alcohol (5, 17-24) On 

the basis of this work, numerous theories for citric acid fermentation 
have been proposed. 
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Knoop and Martins (25) synthesized citric acid in vitro by treating 
at room temperature an ec(uimolecular mixture of oxalacetic acid and 
pyruvic acid with alkali carbonate. Then the mixture was oxidized 
with hydrogen peroxide. This step removed the carbon dioxide from 
the intermediary keto acid. After 30 hours as much as 35 per cent 
calcium citrate was isolated. They suggest that this reaction may also 

take place during citric acid fermentation. 

On the basis of the work of Knoop and Martins citric acid production, 

in vivo, could take place in the following manner: 


C6H12O6 


CH3COOH 


—Hi 


Sugar 

COOH 

CH 2 

CHOH 

COOH 

Malic 

acid 

COOH 

1 

CH 2 


HOCCH2COCOOH 

COOH (Carboxylase) 


Acetic acid 

COOH 

1 

CH 2 

u 

COOH 

Oxalacetic 

acid 


COOH 

COOH 

I 

CH 2 

CH 

1 

CH 2 

—Hi 11 

CH 

I 

COOH 

Succinic 

acid 

j 

COOH 

Fumario 

acid 


+H2O 


+ 


HCH2COCOOH 


— H2 


— CO 2 


Pyruvic 

acid 

COOH 

I 

CH 2 

hoccooh 

CH 2 

COOH 

Citric acid 


This is one of a number of schemes proposed for the ^ 

o^ho?e^ryrc^‘:a‘:«cn, i. .uro offers h«h.y interesting 

studies. 

gluconic acid production by submerged mold 

GROWTH 

r.lnoonie acid aa a product ot fermentation was first observed 
Boutroux in 1878, when glucose was changed to gluconic ac 
Mycoderma aceti {Acetobacter aceti) . 

A 


by 

by 
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In 1922 Molliard identified gluconic acid, citric acid, and oxalic acid 
as products of fermentation by Aspergillus niger. Two years later 
Bernhauer isolated a strain of A. niger which produced predominantly 
gluconic acid when calcium carbonate was added to the glucose- 
containing media. He has shown that low temperature and low nitro- 
gen concentration favored gluconic acid production, whereas high 
temperature and high nitrogen content resulted in high yields of 
citric acid. 

For some years members of the United States Department of Agri- 
culture have conducted intensive and successful research concerning 



Fig. 31. Laboratory-scale rotary drum. 


the production of gluconic acid and other products by microorganisms 

Several molds from the collection of Dr. Thom have been found to be 

excellent gluconic acid producers. Moyer, May, and Herrick (26) 

found P. chrysogenum, culture 5,034,11, the most suitable organism 

for the production of gluconic acid when grown on 20 to 25 per cent 

commercial glucose, 3.00 grams NaNOj, 0.300 gram KH.PO. and 

0.250 ^am MgSO,-7H^O per liter. Sixty per cent of the glucose 

was omdrzed in 8 to 10 days at 30” C. Ferric chloride stimulated 

powth when pure salts were employed. These cultures were grown 
m shallow pans of high-purity aluminum. 

Hellbach, and May 

developed the laboratory rotary drum (see Fig. 31) for the production 
of glucomc acid by submerged mold growth. This druhi can be ster- 
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ilized with steam. A definite amount of air which is necessary for 
the oxidation processes passes through the rotating drum during fer- 
mentation (27-29). 

By using the rotating laboratory drum process the time required for 
conversion of glucose was reduced from 11 days to 2.2 days. The 
yield of gluconic acid was increased from 57.4 per cent to 80.0 per cent. 

Media and Process. Aspergillus niger, strain 67, is cultured on 
slants of medium A (Table XLI) for 7 days at 30° C. These cultures 
are employed to inoculate 20 or more 1-liter Erlenmeyer flasks, each 
containing 150 cc. of medium B and incubated at 30° C. for 7 days. 
The mycelium with its heavy crop of spores is transferred aseptically to 
17 liters of medium C and macerated. This is divided into 7- and 10- 
liter portions; proportionate amounts of calcium carbonate are added 
and are aseptically transferred to the laboratory aluminum drums. 

The charge is one-third of the total volume of the drum. 

During germination the following conditions are maintained. 


Air pressure 
Air flow 

Speed of rotation 
Temperature 

Time 


30 pounds per square inch gauge reading 
375 cc. per liter per minute 
5.8 rpm, 

30 

24 hours 


The Pilot-Plant Drum. With the solution just described, the large 
pilot-plant rotary aluminum drum (Fig. 32), containing medium n 
(Table XLI) , was inoculated by blowing the solution directly from the 
small drums to the large fermenter via a hose connection. 


TABLE XLI 


Summary of Media Used for Gluconic Acid 

Production by Aspergillus niger 


Ingredient 

Grains per liter: 
Refined corn .sugar 
MgS0r7H20 

KH 2 PO 4 

(NIl4)2HP04 

NH4NO3 

Peptone 

Potatoes 

Agar 

CaCOs 
Cc. per liter: 

Beer 

Kind of water 

• Separately Bterilized, 


A 

Culture 


30.0 
0.10 
0.12 

None 

0.225 

0.25 

200 

20.0 
4.0 


None 

Distilled 


B 

Sporulation 

50.0 

0.12 

0.144 

0.56 

None 

0.20 

None 

1.6 

None 

46 

Distilled 


C 

Germination 

100.0 

0.25 

0.30 

0.80 

None 

0.02 

None 

None 

37.6* 

40 

Tap 


D 

Fermentation 

Varies 

0.156 

0.188 

0.388 

None 

None 

None 

None 

26.0* 

None 

Tap 
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The pilot-plant drum is 3 by 6 feet, of %-inch high-purity aluminum 
sheet containing less than 0.1 per cent of copper, iron, and manganese. 
The end castings are of aluminum-silicon alloy (28 ) . The drum holds 
420 gallons and is charged with 140 gallons of medium. The general 
principles of the large fermenter are identical with those of the labora- 
tory drum. Proper facilities are provided for sterilizing, filling, and 
emptying, and for passing humid, sterile air under pressure. 



Fig. 32. Large-scale rotary drum. 


Optimum Conditions. An air flow of 375 cc. per minute per liter of 
solution is required at an optimum pH of 5.0. The pH is readily main- 
tained by the addition of 2.6 grams of calcium carbonate per 100 cc. 
of medium. Owing to the exothermic nature of the fermentation on a 
pilot-plant scale, the constant temperature (30° C.) is obtained by 
using a hermostatically controlled water spray applied to the exterior of 

the fermenter. The optimum glucose concentration varies between 15 
and 20 grams per 100 cc. 


Germinated spores are superior to ungerminated spores. When the 

same mycelial growth is used for repeated fermentations, the over-all 
fermentation time is decreased. 

Yield. A charge of 91 kilograms of refined corn sugar in 530 liters 
of medium is fermented in less than 24 hours, yielding gluconic acid 
equal to more than 95 per cent of the sugar originally present. 

Figure 33 represents a flow sheet of gluconic acid production (29) . 
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10 . 

n. 

12 . 

IS. 


Tube culture. 

ima’iy roteUn “^uniinum Kcrmination 

Large rotating aluminum drum fermenter (640-hter 

Air inlet: water for fermentation solution and inoculum from 

8 are also introduced here. 

Handhole; commercial dextrose, nutrients, and sterile calcium 
carbonate are added here. 

Aluminum tank for neutralization and crystallization, calcium. 

hydroxide milk is added here. , 

Centrifuge (stainless steel basket, alumln\im-lined curb). 

Vacuum evaporator for mother liquors. 

Condenser. 

Vacuum dryer. 

To calcium gluconate storage# 


Fig. 33. Flow sheet of gluconio acid production. 
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Improvements in Gluconic Acid Production 


Fermentation of Concentrated Solutions of Glucose to Gluconic 
Acid. Free gluconic acid and calcium gluconate precipitate on the 
mycelium, are injurious, and inhibit fermentation. This defect is over- 
come by the use of boron compounds, such as boric acid or borax with 
an excess of calcium carbonate. The boron salts form soluble C(mi- 
plexes with calcium gluconate. 

Moyer, Umberger, and Stubbs (30) have shown that the precipitation 
of calcium gluconate during the normal fermentation of 20, 25, 30, and 

35 grams of glucose per 100 cc. could be prevented by 500, 1000, 1500, 
and 2500 p.p.m. boron, respectively. 

Medium. The medium consists of 0.388 gram diammonium phos- 
phate, 0.500 gram sodium nitrate, 0.500 gram monopotassium phos- 
phate, 5 grams calcium carbonate, and 2 to 3 grams corn seep liquor 
(yeast compound) per liter. 

The organism used is A. niger. 

It is claimed that under these conditions and with the reuse of the 

mycelium it is possible to ferment 25 per cent glucose solutions to 
gluconic acid in 24 hours. 


Forges, Clark, and Aronovsky (31) described a semi-continuous 

method for gluconic acid production. The mycclia were recovered by 

pressure filtration and reused in nine successive fermentations. l\'ith 

this method, higher glucose concentrations were fermented by the 
flotation procedure than previously. 

Gluconic Acid Production by Bacteria. Bacteria, in general, are 

slow gluconic acid producers and as yet have found no application in 

the industry. Under definite conditions gluconic acid from glucose is 

produced by the following acetic acid bacteria : Acetobacter aceti A 
acetosum, A. oxydans, A. industrium. ’ 


Pervozvanskii and Iwashkemain found that the main product of 
glucose oxidation by Bact putidum L et N was gluconic acid The 
optimum conditions for the oxidation were a glucose concentration 
f 2 to 6 per cent (up to 10 per cent with air blowing) , the presence of 
calcium carbonate a source of nitrogen, a temperature of 30° C and 
periodic mixing. Under the optimum conditions, the yield of gluionk 
acid was 87.6 per cent. The Russian investigators report that 
method of glucose oxidation by means of fluorescing bactoia is appli 
cable to large-scale calcium gluconate production (32) 

Calcium gluconate is extensively used in supplying calcium t^ 
children and to lactating and pregnant women. 


f * 
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Mechanism of Gluconic Acid Fermentation. In this process, 


glucose ( RC^ + h02 ] is oxidized to gluconic acid (RCOOH) by 

glucose oxidase. The enzyme is readily isolated from the pressed 
iuice of A. niger or P. glaucum by alcohol precipitation of the aqueous 
extract of the mycelium. The enzymic reaction may be studied m 
the Warburg apparatus by measuring the oxygen absorption aero- 
bically using glucose as the substrate. The disappearance of reducing 
power^of glucose solutions by any of the sugar methods may also be 
used. Von Miillcr (33) has extensively studied glucose oxidase. 

Besides d-glucose only d-mannose and d-galactose are oxidize y 
this enzyme. This enzyme preparation also contains a maltose oxi- 
dase Mannose and galactose, however, are only slowly oxidized by 
it and are not changed to the corresponding acids by the mycelium 

'^^FralfkJ and Lorenz (35) showed that glucose oxidase also acts in the 
absence of oxygen, provided that certain hydrogen 

show^n to be formed under aerobic conditions. These properties class y 
"zyme as an aeroglucose dehydrase rather than an oxidase. 

This is I flavin enzyme (36). See also Part I of this volume. 

gallic acid production 

Gallic acid is produced by modifications of the Calmette process (37)^ 
A dear Unnln extract is prepared frum plants, and the s er.haed 
material is inoculated with a pure culture of a suitable stiain o 
Asvergilli To facilitate hydrolysis of the tannin, air is own iro g 
fhe Satd solution. Fron. time to time samples are tested, and wh n 
all the tannin has disappeared fermentation is discontinued. 
cn\r] recovered by the usual procedures. 

"r^n" C for 2 days. The culture so prepared was dried a a low 
at 30 C. 1 y portion, containing most of the 

sprerwrused as the' pure culture in the fermentation experiments. 
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One hundred parts of the rice-wheat bran mixture yielded 7-8 parts of 
the pure culture after sieving. 

Gallic acid is used in the production of certain dyes, of inks, and of 
skin remedies. When condensed with the aid of sulfuric acid it forms 
hexahydroxyanthraquinone. 


DEXTROLACTIC ACID PRODUCTION BY MOLDS 


Ward, Lockwood, Tabenkin and Wells (39) described an efficient and 
simple process for the preparation of dextrolactic acid (sarcolactic acid 
or ((-t-)lactic acid) by using the mold Rhizopus oryzae (Went and 
Geerlings 395) in a submerged condition. Thirteen per cent glucose 
solutions are fermented in 30 to 35 hours with a yield of 70 to 75 per 
cent of d-lactic acid. The fermentation is carried out in the rotary 
aluminum fermenters at 30° C. (see “ Gluconic Acid Production ” 

■ above). 

The germination medium has the following composition: 


Commercial glucose 
Urea 

MgS04*7H20 

KH2PO4 

ZnS04‘7H20 

CaCOg 

Distilled water to make 1 liter 


110.0 grams 
2 . 0 grams 
0 . 25 gram 
0 . 60 gram 


0.088 gram 
10.00 grams 


The commercial glucose contained 91.5 per cent glucose, 8.0 per cent 
moisture, and 0.4 per cent dextrin. 

The spores are germinated in a 4-liter bottle for 24 hours at 30° C. 
The bottle is provided with an outlet tube and is mechanically shaken. 
Aliquots of 250 cc. each are employed to inoculate 3-liter portions of 
nutrient solution of the following composition: 


Commercial glucose 
Urea 

MgS0v7H20 

KH 2 PO 3 

ZnS04*7H20 

Octadecyl alcohol 

Distilled water to make 1000 cc. 


150 grams 
2 . 0 grams 
0.25 gram 
0 . 60 gram 
0.044 gram 

0.03 gram in 1.7 cc. ethyl alcohol 


Urea as the nitrogen source allows the preparation of a colorless 

medium which is clear and pure. The fermented liquors have an 

agreeable odor and contain no volatile acids. Bacteria require large 

quantities of crude nitrogenous material. The d-lactic acid is readilv 
isolated by this process. ^ 
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Two hundred grams of calcium carbonate is sterilized separately 

and added to the 3-liter portions of the solution just before inoculation. 

The octadecyl alcohol is added to prevent 

I [ j j foaming during fermentation. The inocu- 

12 —4 j- lated medium is then fermented in the 

— — -H rotary aluminum fermenters. 

.^0 / — The rate of fermentation is observed by 

I I I / determining the rcducing-sugar concentra- 

j I j j/ tion. Figure 34 represents a typical ex- 

^ 1 ^ M y I periment. During the first few ^ hours 

' y sugar utilization is slight; but after 15 

6 — — ^ hours fermentation progresses rapidly and 

Vl is complete after 35 hours. The following 

^ I are the analytical data for this experiment 

_1 / per 100 cc.: 

2 / Original glucose concentration 13.3 

1 Glucose consumed 

J Ethyl alcohol produced oXa?. 

— ijo 20 30 Calcium in solution ^ • 

Time in Hours Lactic acid equivalent to dissolved calcium iU . 

. ^ ^ t . 1 Q nn 


% ' 10 2 0 ^ 

Time in Hours 

Fig. 34. Course of a typical 
d-lactic acid submerged fer- 
mentation induced by Rhizopus 

oryzae. 


Lactic acid found by analysis 
Acidity due to lactic acid, per cent 
Yield of d-lactic acid, based on glucose 

consumed, per cent 

a 


9.66 

95.4 

75.5 


At nresent, itaconic acid is made by tne py y 
tries. At present industrial purposes. Moyer and 

at a price that is much too mg findings of Kinoshita con- 

M- C. on the surface of shallow layers of the following medium. 


Glucose 

MgS04’7H20 

KCl 

NH4NO3 

ZdS0v7H20 


250 

0.260 

0.050 

2 

0.044 
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To this 


II 


ixture the following solutions are added : 


Corn steep liquor 
HNO 3 NI2 


4 cc. 
50 cc. 


Ninety per cent of the itaconic acid may be recovered from the fermen- 
tation liquid. 

More recently, Lockwood and Nelson (41) investigated the produc- 
tion of itaconic acid by agitated cultures using the mold A. terrevs 
1960. They found that rigid pH control in the range of 1.8 to 1.9 is 
necessary and that the MgSO^-THaO concentration should be 0.75 
gram per liter of medium. The addition of ZnS 04 did not improve the 
yield, and in the presence of NaCl less itaconic acid was produced. 

Maximum efficiency was obtained with 6 per cent glucose concentration 
and a very small inoculum. 
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CHAPTER XX 


BACTERIAL FERMENTATIONS 


ACETONE-BUTANOL FERMENTATION 

Pasteur was the first to identify butyric acid as a product of fermen- 
tation. Later Fitz studied the fermentation products of several organ- 
isms such as Bacillus butylicus. These spore formers were found to 
produce butyl alcohol, butyric acid, and small amounts of ethyl alcohol. 
In 1887 Gruber described several strains of B. amylobacter {Clostrid- 
ium butyricum) which produced butyl alcohol and butyric acid from 
carbohydrates. The formation of acetone by microorganisms was first 
reported by Schardinger in 1905. He showed that the same organ- 
ism {B. macerans) also produced ethyl alcohol, acetic acid, and formic 
acid. Potatoes, or potato starch with peptone and calcium carbonate, 
were described as best for acetone production (1). 

In 1911 Fernbach and Weizmann were the first to report on bacteria 
that produce amyl alcohol, butyl alcohol, ethyl alcohol, and acetone 
as the end products. They employed potato starch as the substrate. 
One year later Weizmann isolated an organism that produced four 
times more acetone than the previous one and fermented all kinds of 
starches. This organism was first named B. granulobacter and later 
Cl. acetobutylicum (2) . During the first World War, the manufacture 
of acetone by the Weizmann process played an important role, in several 
Allied countries, in the production of explosives. After the war, when 
acetone was not required for the manufacture of explosives, n- butyl 
alcohol was found to be of use in the manufacture of n-butyl acetate 

for lacquers. In 1919 a number of papers appeared which described 
the production of acetone and acetone-butanol (3-5). 

Industrially, corn is extensively employed as the raw material. The 

germ is removed and further processed for its oil content. The kernels 

are ground and mixed with water to make a concentration of 6 to 8 

per cent. The mash is then cooked under 30 pounds’ steam pressure 

for 2 hours. After the temperature is lowered to 37° C. the mash is 

inoculated with Cl acetobutylicum. Fermentation proceeds for 48 to 
72 hours. 

A variety of carbohydrate-containing raw materials, such as 
prehydrolysed starches, disaccharides, hexoses, pentoses, and molasseT 
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have been used (6) . ’Wood sugar may be fermented to butanol, ace- 
tone, and ethanol by Cl. felseneum and Cl. butylicum (7) . 

Proteins are not necessary for the growth of Cl. acetobutylicum or 

for the normal production of acetone and butanol (8). 

Izsak and Funk (9) reported the isolation of a new organism, Clos- 
tridium sac char obutylicum {gamma), for fermenting sugar and form- 
ing isopropyl alcohol and acetone in different proportions. The ^ type 
of the organism is said to form from five to ten times more isopropyl 
alcohol than acetone (10), whereas the y type produces ten to twenty 
times as much acetone as isopropyl alcohol. This new organism^ y 
itself does not ferment cereal starch but ferments molasses at 20 to 

40° C. , , , X 1 n 

Underkofler, Fulmer, and Rayman (11) hydrolyzed oat hulls, a 
typical agricultural cellulose waste, with dilute mineral acids, and on 
addition of corn mash they were able to ferment xylose completely wit 

Cl. acetobutylicum. . 

Brown Wood, and Werkman (12) have obtained normal amounts of 

the solvents by growing acetone-butanol organisms m a medium 

containing glucose, hydrolysed casein, tryptophan, mineral salts 

ammonium sulfate, and an acidic ether-soluble fraction of Ditco yeast 


Optimum Conditions (13-16). Optimum temperature for acetone- 
butanol fermentation is at 37" to 42" C. Proper precautions must be 

taken to avoid loss due to evaporation of the solvents ^ 

highest yields are obtained under anaerobic conditions. A pH between 

^ ^ind 7 IS most f3<vorHil)lG. i t, j. i 

The following are examples of two modifications of acetone and butyl 
alcohol processes. Both methods utilize molasses in combination wit 

a' ?he Ma'ss Inoculation Process (17). One hundred parts of rice 
brm.' in 900 cc. of water is inoculated with CMndmm acetobutyhmm, 
and, after 24 hours, this is added to 60 parts of a <>“8“ J 

cent solution prepared from blackstrap molasses) . Attei « hou 

iTr 28 Smarts solvents, and 4.6 par^ of non-fermentab^e 

miarr rcmaiL The maximum concentration of neutral solvents ob- 
tained by this process is 2.1 per cent, consisting of 8 Py“”‘ ^ 

“if is more than the theoretical amount since some of the ^b- 
Ttratl is derived from the cellulosic and hemicellulosic materials. T 
process overcomes a lack of degradable proteins (furnished by the bra 
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and the action of inhibitory toxic substances in molasses. The yield 
of solvents is, according to Weitzmann, higher than usual, being as high 
as 33 per cent of the sum of the starch, sucrose, and monosaccharide. 
The spent mash, owing to the production of riboflavin and the presence 
of thiamin supplied by the rice bran, is an important food. 

B. Two-Phase Fermentation of Molasses and Corn (18). In this 
process, 4.5 per cent corn meal and up to 6.2 per cent molasses of any 
type are employed. However, only 20 to 50 per cent of the molasses 
to be used is added at the beginning, and the remainder at the twelfth 
to eighteenth hour of fermentation. Since molasses has a strong buf- 
fering capacity it should be acidified before mashing, in order to 
prevent a decrease in the yield of neutral volvents. The optimal con- 
centration of molasses to be used is governed by the amino nitrogen 
content: the higher the amino nitrogen, the lower should be the molasses 

concentration. Too high molasses concentrations lower the yield of 
fermentation products. 


Acetone-Butanol Fermentation of Waste Sulfite Liquor 


The utilization of waste sulfite liquor from pulp and paper mills is a 
problem of considerable importance. Patents for the utilization of 
the sugars of waste sulfite liquor by acetone-butyl alcohol fermenta- 
tion give no details concerning this problem. 

Wiley and associates (19) have published an extensive study con- 
cerning the industrial utilization of waste sulfite liquor by acetone- 
butyl alcohol fermentation. 


The sugars in waste sulfite liquor result from the acid hydrolysis of 
the hexosans and pentosans of the wood. In a waste liquor with 10 per 
cent solids, the total reducing sugars (calculated as glucose) amount 
to 1.3 to 3 per cent and may be as high as 750 pounds per ton of pulp 
Selection of Organism. Forty-eight different cultures of the genus 
Clostridium were studied, of which Cl butylicum (Fitz) was found to 
be most suitable for the production of the solvents 

Pretreatment of Waste Sulfite Liquor. Because waste sulfite 
liquor is too acid (pH ,2.5 to 3.5) and contains free and loosely bound 
su fur dioxide and small amounts of furfural and formic and oxalic 
acids, It mmt be treated before it is suitable for fermentation Lienin 
must also be removed. Fractional precipitation with calcium hydrox- 

(sL'FTg.^^'^ ™‘*“*’*' pretreating the waste sulfite liquor 
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Medium. Wiley and a^^sociatcs (19) suggested the following me- 
dium for commercial use (waste liquor treated to remove sulfur dioxide 

and lignin) : 


(NH4)2HF04 
Molasses 
CaCOs 
Tem]>erature 
Optimum pH 
Incubation time 


0 . 05 pel’ cent 
0 , 10 ])er cent 
0.10 per cent 
34^ to 37° C- 
5.8 

10 to 18 hours 



Yield. Waste liquor containing 1 to 3 per cent of reducing sub- 
ances was fermented 70 to 80 per cent. Of the sugars, 25 to 30 per 


Waste sulfite liquor 



iqo. 35. Flow Hhcct for pr<Arcal.vu>nt. of w,usto sullito liquor prior to fermentation. 

rent were inverted to volatile products having a ratio of 75 parts of 
butyl alcohol to 20 parts of acetone and 5 parts of ethyl alcohol. 


AcETONIO-BUTANOL FiOUMBNTATION of .lEItUSALEM ARTICHOKES 

The Jerusalem articliokc or girnsolc {Helianthns tuberosus) is a 
native plant of the United States. This plant is rich in lovulan and 
may be readily hydrolyzed to levulose. Attempts to utilize this cai o 
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hydrate are not lacking. In 1941 Wendland, Fulmer, and Underkofler 
(20) reviewed the literature concerning commercial outlets of the plant 
and studied the conversion of its levulans into butanol and acetone by 
fermentation with Clostridium acetobutylicum. 

Procedure. Dried artichokes are hydrolyzed, at pH 1.75 with 
hydrochloric acid or at pH 1.50 with sulfuric acid, by heating for 1 
hour at 80° C. After cooling the hydrolyzate is adju.sted to pH 5.5 to 
6.0 with strong sodium hydroxide and diluted to give a sugar concen- 
tration of 4 per cent. This liquid does not require sterilization. The 
other constituents are sterilized by autoclaving. Maximum yields of 
total solvents are obtained when 0.95 to 2.50 per cent of soybean meal 
is present in the hydrolyzate. Corn meal or corn gluten meal is also a 
satisfactory nutrient. 

Seventy-five per cent of the total solvent is recovered in the usual 
ratio of 2 parts of butanol to 1 part of acetone. 

Mechanism of Acetone-Butanol Fermentation. Bernhauer (21, 
22) was of the opinion that butanol is produced from butyric acid, 
which in turn is formed from butyric aldehyde, and that acetone is pro- 
duced from acetic acid or from acetoacetic acid. In the presence of 
calcium carbonate, more butyric acid and butanol and less acetic acid 
and acetone, respectively, are formed. 

Janke and Siedler (23) found that the addition of acetaldehyde to 
sugar-containing yeast water shifted the ratio between acetone and 
butanol from 1:1.7 to 1:4.7. On the addition of calcium carbonate the 
ratio shifted to 1:22. Cultures suspended in phosphate of pH 6.3 pro- 
duced butyric acid but no acetone or butanol. Thus the authors con- 
cluded that butyric acid is an intermediary of butanol formation in 
acetone-butanol fermentation. Simon and Weizmann (24), however, 
on the basis of their experiments with calcium carbonate, could not 
confirm that conclusion. Attempts to isolate a cell-free enzj^me sys- 
tem effecting acetone-butanol, fermentation failed. See also the later 
studies of Wood and coworkers (25). 

Bacteriophage. Normally the solvent-producing organisms grow 
rapidly, forming acids which they then convert to solvents. The fer- 
mentation terminates with a low sugar and low acid content. How- 
ever, in a phage- contaminated fermentation the acids are not converted 
to solvents. Fermentation concludes with a high residual sugar and a 
high acid content. McCoy and coworkers (26) published immunizing 
proccdur6s for the olimination of tho phEgo strains. 
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ACETONE-ETHYL ALCOHOL FERMENTATION 


The bacterial production of acetone was discovered by Schardinger 
(27) . His studies were carried out on Bacillus macerans, which he has 
isolated. Potato starch or potatoes in the presence of peptone and 
calcium carbonate produce acetone, ethanol, acetic acid, and formic 
acid In 1919 Northrop and associates (28) isolated an organism from 
old potatoes which they called B. acctoethyUcus. This organism is not 
identical with B. macerans. It is a spore-forming, facultative ana- 
erobe growing well on a 2 per cent corn medium and calcium carbonat^ 
It grows best at 40° to 43° C. and at pH 8 to 9. It ferments best at pH 
6 to 8. The end products are ethyl, propyl, and butyl alcohol. Under 

certain conditions acetone and formic acid are produced. 

Materials. Corn, potatoes, molasses, hydrolyzed corn cobs, and oat 

and peanut hulls may be used as the raw material (29, 30) 

Mechanism of Fermentation. According to Bakonyi (31-32) ,v hen 
starch is fermented by B. macerans glucose is not an intermediary 
product. This author claims that, in a neutral medium in the presence 
of calcium carbonate, the organism produces from starch 2 molecules 
of ethyl alcohol and 1 molecule of acetone and hydrogen gas: 


2CfiHio05 + 3H2O = 2CH3CH2OH + CH3COCH3 + 6CO2 + 4H2 

Ethyl alcohol 


6 

Starch 


Acetone 


Bakonyi has obtained acetaldehyde by the fixation method. Much 
of the alLhyde is reduced to ethyl alcohol. Most, however, is con- 
densed to aldol, which in turn is changed to alcohol and acetic aci y 
dismutation. The acetic acid is further fermented to acetone, accord- 
to this scheme Although this process has not yet been used in 

la?ge-scde production, Bakonyi predicts its adoption in 

in ethyl alLhol fermentation where slops could be utilized for 

^’^TnreJ,^Adamsl^^and Hudson (34) recommended a method for the 
preparation of macerans amylase. 


production of sorbose from sorbitol 

Bertrand (1896) was the first to show that l-sorbose may be formed 

tt^Ze is now employed in the chemical synthesis of vitamin C 
(l-ascorbic acid) . 
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The following reaction takes place when d-sorbitol is fermented by 
A. xylinum or by A. suboxydans or certain other species of Acetobacter : 

CH 2 OH CH 2 OH 

I I 

HCOH HCOH 

HOCH HOCH 

HCOH HCOH 

HCOH CO 

CH 2 OH CH 2 OH 

(i-Sorbitol l-Sorbo8e 


Wells, Stubbs, Lockwood, and Roe (35) found that by using a 15 per 
cent sorbitol solution and 0.5 per cent Difco yeast extract a yield of 
more than 93 per cent of J-sorbose may be obtained within 24 hours 
after inoculation. Highly aerobic conditions at 30° C are best. The 
organism used was Acetobacter suboxidans. 


Semi-Plant-Scale Production of /-Sorbose by the Submerged- 
Growth Method. On the basis of the work just mentioned by employ- 
ing the rotary drum the following semi-plant-scale method for the 


production of sorbose from sorbitol had been developed by Wells and 
coworkers (36) . 


Preparation of Inoculum, Test-tube slants are prepared by growing 
the bacterium for 48 hours on 2 per cent agar, 5 per cent sorbitol, and 
0.5 per cent yeast extract. Suspensions of several test-tube slants are 
used for the inoculation of 50-cc. Kolle flask cultures. After 3 days of 
growth at 30° C., 50 cc. of sterile water is added and the agar surface 
is removed by scraping. The suspension from one Kolle flask is trans- 
ferred to a wide-mouth 9-liter Pyrex bottle containing 6 liters of a ster- 
ile culture solution containing per liter 100 grams of sorbitol, 5 grams of 
Difco yeast extract, and 0.5 gram of octadecyl alcohol. The 9-liter 
Pyrex bottle is connected with a sintered-glass distribution tube (Jena 
type 33c porosity No. 0) . The outer end is connected to a source of 
sterile air having a needle valve for flow control. A second tube 
inserted through the rubber stopper which holds the distribution tube’ 
provides an outlet for the gas. The outcoming gas is measured by 
means of a flow meter. After inoculation sterile air is passed through 
the culture solution at the rate of 12 liters per minute. This is impor- 
tant in order to provide proper aeration and agitation of the solution 
Analysis of the sorbose content and pH is made on samples removed 
through a glass tube inserted through the stopper. The medium at the 
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end of 48 hours, is emploj^ed to inoculate the fermentation solution. At 
this time the sorbose content ranges from 6 to 7 per cent. Twenty-four 
liters of inoculum is used to inoculate a 530-liter batch of culture 


medium. 

Semi-Plant-Scale Medium. Wells and associates employed a com- 
mercial sorbitol consisting of 74.9 per cent sorbitol, 2.8 per cent glucose, 
0.9 per cent sodium sulfate, and 21.4 per cent water. Corn steep liquor 
(A. E. Staley Manufacturing Co.) is recommended as a nutrient sub- 
stitute. This product contains acid, however, that must be neutralized 
with calcium carbonate. The pH should be 4.2 to 6.4. After 10 
minutes of mixing, the medium and the apparatus are sterilized at 
110° C. for 75 minutes. A slight excess of calcium carbonate is neces- 
sary in order to neutralize gluconic acid that forms from glucose. 

The air flow is 375 cc. per minute per liter of solution. The gauge 
pressure is 30 pounds per square inch. The drum rotation is 13 r-P-^^ 
The temperature is 30° C. It requires about 33 hours to ferment a 20 

per cent solution of sorbitol under these conditions. 

Sorbose Recovery. The fermented solution is decolorized with car- 
bon and filtered with the aid of Filter-Cel. The clear and colorless 
filtrate is concentrated in a copper still under a vacuum of 22 to 28 
inches (560-710 mm.) pressure at about 60° C. Some of the sor ose 

crystallizes during concentration. Further " " 

when the solution is allowed to stand overnight at 15 C. The mass is 
centrifuged, washed with ice water, and dried. From the mother liquid 
and washings further quantities of sorbose may be obtained on conce - 

fration The yield is 70 per cent sorbose. 

Sorbose in Vitamin C Production. Reichstein and Grussner (37) 

prepared l-ascorbic acid as follows: 


lU + Pt 


Glucose 



A. xylinuin acetone 

sorbitol — >■ sorbose — > diacetone sorbose 


KMnO* 



HCl 

diacetone sorbonic acid — 3 


HCl 

Z-sorbonic acid — > Z-ascorbic acid 


production of dihydroxyacetone by the action of 

Acetobacter suboxydans UPON GLYCEROL 

Bertrand was the first to describe the formation of dihydroxyacetone 

from clvccrol by the action of Acetobacter xylinum. , , , Tvr 

Recently Underkofler and Fulmer (38) modified the method of Neu- 

befg and Hofmann for the crystallization of dihydroxyacetone from a 

fermented medium using Acetobacter suboxydans (American Type 
Culture Collection No. 621). 
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Medium. Stock cultures are kept on malt-extract agar slants. 
Active cultures are prepared from these by transfer every 48 hours into 
a medium containing, per 100 cc., 0.5 gram of yeast extract (Difco 
powder) and 6 grams of glycerol; 100-cc. portions of the medium are 
placed in 300-cc. Erlenmeyer flasks. The temperature is 28° C. 

Optimum yields are obtained in 7 days at 28° C. with 6 per cent 
glycerol, 0.5 per cent yeast extract, 0.10 to 0.30 per cent KH2PO4, at 
an optimum pH of 5.5 to 7.0. 

Isolation of Crystalline Dihydroxyacetone. To 1000 cc. of the fer- 
mented medium is added 10 grams each of Norite, calcium carbonate, 
and diatomaceous earth. The mixture is shaken and filtered. The 
clear filtrate is concentrated in vacuo to 150 cc., 3 to 4 volumes of abso- 
lute alcohol is added, with stirring, and the mixture is filtered. Most of 
the alcohol is evaporated in vacuo, and the syrup is poured into 10 
volumes of acetone with stirring. The turbid solution is allowed to 
stand overnight. The mixture is then shaken wdth Norite and filtered. 
The clear filtrate is concentrated in vacuo to a very thick syrup. The 
last amounts of water and acetone are removed in a vacuum desiccator 
over sulfuric acid. The syrup crystallizes spontaneously. Washing 
with cold absolute alcohol results in a pure white crystalline product. 
The crystals are dried in a vacuum desiccator. The yield is 80 per cent 
of the pure product on the basis of the crude substance used. 


PRODUCTION OF KETOGLUCONIC ACIDS BY BACTERIAL 

FERMENTATION 


Stubbs, Lockwood, Roe, Tabenkin, and Ward (39) studied the forma- 
tion of ketogluconic acid from glucose by bacterial fermentation. 
They obtained 90 per cent yields of 5-ketogluconic acid from a 10 per 
cent glucose solution in 33 hours by using Acetobacter suboxydans. 
Eighty-two per cent yields of 2-ketogluconic acid were obtained by the 

action of an unnamed bacterium from a 10 per cent glucose solution in 
25 hours. 


COOH 

I 

HCOH 

I 

HOCH 

I 

HCOH 

I 

c=o 


CH20H 

tf^Ketoglucomo acid 


COOH 

I 

c=0 

I 

HOCH 

I 

HCOH 

I 

HCOH 

I 

CH2OH 

<i-2-Ketoglucoziic acid 
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Both aluminum rotary drum fermenters (sec “ Gluconic Acid Pro- 
duction ” in Chapter XIX) , and vertical vat fermenters were employed 
for these studies; a nutrient solution, such as those shown in Table 

XLII, w^as used. 

TABLE XLII 


Composition of Nutrient Solutions* for Production op 

IVETOGLUCONIC AciDS 


Components 

Commercial glucose 
Corn steep liquor 

Octadecyl alcohol (antifoam agent) 
Urea (sterilized separately ) 
MgS04-7H20 

KH 2 PO 4 

CaCOa (sterilized separately) 
Distilled water 


Grams for 


5-Ketogluconic 

2-Ketogluconic 

Acid 

Acid 

list 

list 

5 

5 

0.3 

0.3 

• • • 

2 

• • • 

0.25 

• • • 

0.60 

27 

27 

To make 1000 cc. in both cases 


* The solutiona were sterilized by autoclaving at 20 pounds' pressure for 45 minutes 
t Sis q”y of commercial glucose gave a .nedium of 10 per cent glucose coneentratmn. 


PRODUCTION OF /-2,3-BUTYLENE GLYCOL BY 

FERMENTATION 

The production of (-2,3-butylene glycol by fermentation is of con- 
siderable industrial importance owing to its use m the synthesis o 
rubber, for this compound may be readily converted to butadiene 
However, 2,3-butylene glycol was not produced industrially during 

the second World War, ^ , 

Fulmer and associates (40) recommended the following medium and 

conditions for the production of 2,3-butylene glycol from sucrose. 


Ammonium chloride 
Potassium monophosphate 
Calcium chloride 
Magnesium sulfate 


0,250 gram 
0.150 gram 
0.150 gram 
0 . 200 gram 


per 100 cc. of medium 


— - • 

The optimum pH is at 6.0, and the optimum temperature is 37.5° a 
A concentration up to 8 per cent is fermented to about 100 per cent i 

s!ch as 8 to 12 per cent the quantity of sucrose fermented per cent. 

The orBaeieme studied by Fulmer and coworkers were ^ 

Aerobacter motorium, and Aerobacter pectxnovorum The last organ 
ism is most suitable for the production of the glycol. Aftei com- 
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pletion of the fermentation the glycol may be recovered by vacuum 
distillation. 

Kluyver and Scheffer (41) suggest the use of malted potatoes or 
molasses mash containing ammonium sulfate, a phosphate, and a 
carbonate such as calcium carbonate for the production of 2,3-butylene 
glycol. Air is to be blown through the mash during fermentation. 
These investigators used Aerobacter aerogenes as the organism. 

Ward and associates (42) found that certain strains of Aerobacillus 
polymyxa, such as those isolated from soil and from spoiled starch, 
grow well on substrates like grain mashes, sweet-potato mashes, or 
sugar solutions without aeration and without additional nutrients, 
producing f-2,3-butylene glycol. During fermentation the mash is 
kept quiescent and at a pH above 5.2 but below 7.0. 

Production of Industrial /-2,3-ButyIene Glycol from Molasses. 
Torres and Frias (43) described the following process for the produc- 
tion of i-2,3-butylene glycol: 

Sterilized molasses is diluted to 13° to 14° Brix, brought to pH 6.0 
to 6.2, cooled to 30° C., inoculated with a culture (5 per cent by volume 
of the mash), and fermented for 36 hours at 31° to 32° in closed 
vessels provided with cooling and heating means. During the first 
24 hours, the mash is aerated with sterile air at the rate of 6.6 cubic 


feet per minute per 1000 gallons of mashj if mechanical agitation is 
provided, the amount of air can be reduced to 3 cubic feet, and the 
yield of glycol is thereby increased. The aeration is discontinued 
when the rate of the decrease of sugar content reaches 0.1 per cent per 
hour.^ During fermentation, the pH decreases slowly; the amount of 
reducing sugars should also decrease gradually (this necessitates 
frequent tests); otherwise, large amounts of acetylmethylcarbinol 
form. The fermented mash contains 4 per cent of the glycol 0 45 
per cent of ethyl alcohol, and 0.55 per cent of acetylmethylcarbinol. 
1 he glycol can be separated by countercurrent extraction with butanol 
or by flash distillation with kerosene. In flash distillation, kerosene 
vapor at 150° is bubbled into the closed container under pressure- 

e kerosene, saturated with the volatile components of the wash, is 

flashed from the top; this leaves the solids in water. The paper (43) 
contains a flow diagram of the process. 


ACETIC ACID FERMENTATION — THE PRODUCTION OP 


VINEGAR 


Acetic acid was first manufactured by the distillation of wood The 
demand, however, soon exceeded the quantity made by wood distil- 
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lation, and other sources were sought and found. The biochemical and 

the synthetic processes are now in use industrially. 

Vinegar is a dilute solution of acetic acid made by the fermentation 
process. It contains salts and extractives. Any aqueous solution of 
a fermentable sugar may be converted into vinegar. Many fruit juices 

are suitable for this purpose. 

All vinegar is made by two series of fermentative reactions, ihe 
first reaction is brought about by yeasts which ferment the sugar to 
ethyl alcohol and carbon dioxide. The second phase consists of t le 
oxidation of ethyl alcohol to acetic acid. This second process is ca e 
acetic fermentation and is carried out by a widely distributed group 

of bacteria which belong to the genus Acetobacter. 

Bart, schuezer^bachii or Bact. cxirvum is employed to produce 
vinegar from ethyl alcohol by the quick vinegar process. Bact. orleanse 

is used in both the quick vinegar process and the Orleans process. 

Raw Materials. Apples, grapes, oranges, peaches, pears, berries, 

solutions of sugar syrup or molasses, cornstarch, beer, and wine may be 

employed for the production of vinegar. c 7 

Yeast Fermentation. For the fermentation of the sugars, Sacchax o- 

mvees rllipsoidexis, a selected wine yeast, is most suitable, cm mg 0 le 

desirable havor which it imparts to the finished products. Compressed 

veast may also be used as a starter. The optimum temperature is 23 9 

L. 26 7° C (44) The course of sugar fermentation is followed by the 

n : bvdronieters. When fermentation is complete, the yeast and 

other soUds must be removed. This is accomplished by allowing 2 o 

H wot'lcs for sc(-liiTicntiition. * , 

To assure proper oxidation of the alcohol, a 
13 ncr cent is best. Greater concentrations must be diluted. 

The Oxidation Phase. Tlic oxidation process by the acetic acid 

( 2«4°C ia itioat favorable, dcpcndmn on the oignnism emp oye . 

! ^ • ;« barrels or tanks; otherwise bacteria and then 

the vincRiir , vineRar by oxidotion. The vinCRar is next 

rR 0 d',TarTned if necLury, and bottlc.l and pasteurised at 60» to 66 O, 

'‘"vtnerar!rma,lo in honicB and on fanne by allowing cider or wine 
to ferinent apontaneously. Tl.c product obtained by tins method 

not always of best quality. 
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Pressing of Fruits and Conversion of the Fruit Juices into Alcohol. 

Fresh fruits such as grapes, apples, and oranges are crushed and pressed. 
Apples are usually fermented by first allowing the pomace to ferment 
for 2 to 3 days before pressing. Ten to twenty gallons of actively fer- 
menting cider is added per ton of pomace. This method is favorable 
to yeast fermentation in that it inhibits acetification before completion 
of fermentation. A medium that is too acid inhibits alcoholic fermen- 


tation and results in an inferior vinegar. The pomace press juice 
should not be added directly to the whole-apple juice since it is of 
inferior quality. 

Any fruit containing more than 9 per cent sugar may be fermented to 
yield more than the legally required 4 grams of acetic acid per 100 cc. 

Fifty gallons of actively fermenting liquid is required for the 
inoculation of 500 gallons of fresh juice. In 4 to 5 days this juice may 
be employed to inoculate 5000 gallons of fresh juice, which, in turn, 
may be used to inoculate 50,000 gallons of juice. Further fermentation 
may be conducted by using 10 per cent by volume of the actively fer- 
menting juice per volume of fresh juice. Pure yeast cultures must be 
employed in the fermentation. 


The addition of 6 to 8 ounces of potassium metabisulfite or 3 to 4 
ounces of sulfur dioxide per ton of crushed juice results in clearer fer- 
mentation and higher alcohol yields (45) . 

The commercial methods for the production of vinegar are the slow 
or Orleans process and the quick process. 


The Orleans Process. The Orleans or the French process is the 
oldest and the best, producing fine-quality vinegar. Bact. orleanse 
is employed. Barrels of 200-liter capacity are filled one-third with 
vinegar, which acts as the starter, and to this 10 to 15 liters of wine 
is^ added per barrel. Every week for 4 weeks the same volume of 
wine IS added. After 5 weeks about 15 liters of vinegar is removed 
and the same volume of wine replaced. By repeating the operation the 
process becomes continuous. Air is introduced through holes on the 

modifications of this process are known 
The Quick or Generator Process. This process, which is used by 
e industry, IS much faster than the above mentioned, owing to the 
greater circulation of air in the tank (Fig. 36) (46). It requires 
greater care, Imwever. The generator may be constructed in any 
desired size. The large generators have a perforated shelf about 
halfway between the top and the bottom of the tank, supporting beech- 
wood shavings or other materials which serve to allow a large surface 
for the acetic acid bacteria. Above the shavings there is a m+nU 
spn^ler which provides a uniform distribution of the vinegar and 
alcohol-contammg substrate. The substrate may be continuously 
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passed through the same generator, or it may be transferred through 
other tanks until the desired acid concentration is obtained. A gen- 
erator 10 feet in diameter and 20 leet high yields about 100 gallons 


of vinegar per day (47). 

Effect of Environment (48). In the following study, the culture 
was introduced into a generator containing bcechwood shavings or 
short sections of pt)rcclain tubing impregnated with the nutritive 
medium. After standing 1 to 2 days, the apparatus was fed the 
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alcohol was 5 per cent and that of acetic acid was 6 per cent. Addi- 
tion of sucrose greatly increases bacterial activity. The bacteria 
utilize 5 to 20 milligrams of sucrose to produce 1 gram of acetic acid. 
Must had no advantages over glucose when ammonium salts were 
present. Abrupt changes in the concentration of must did not affect 
activity. The bacteria in the generator dissociate into R and S forms, 
but these do not show any essential difference in acid production. 


Air escape 


Water 


Packed with beechwood shavings. Air supply regulated 

by flowmeter, circulation controlled by adjustable pump, 

1 Condenser for cooling exit gas. 

2 Paraflined wood block closure for open end 
of glass pipe. 

8 Rubber gasket under 2. The 
block and gasket are held in 
place by bolts and collar as 
shown. 

4 Generator body, Pyrex glass 
bell and spigot pipe, 40"x 6"(I.D.) 

6 Packing. 

6 False bottom, wood. 

7 Rubber tube to connect reservoir. 

8 Flow meter and air inlet, 

9 Reservoir for feed, 

10 Draw-otf. 

U Duprene tube. 

12 Cam shaft. 

IS Compressor bar. 

14 Adjustable stop. 



15 ) Stainless steel. 
ISa'Ball check valves. 

16 Feed circulating tube 

17 Feed distributor, wo^. 


Pomp 
assembly 17 

-for 

circulating 
feed 




Fig. 37. Sketch of experimental vinegar generator. 

I « « 


Aging. Freshly prepared vinegar is harsh in flavor and ndnr Th • 

and odor. The odor or the eo-caII^“totet ” 1!“™ 

of manufacture ^ place during the course 

•ST. “ - 
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must be pasteurized at 59.5° C. for a few seconds; otherwise vinegar 

bacteria continue to grow and thus produce cloudiness. 

Laboratory Vinegar Generator. Figure 37 is a sketch of an 
experimental vinegar generator (quick vinegar process) ^.^d the 
course followed bv the ingredients during operation, as desciibed > 
Hildebrandt (49L By this method ethyl alcohol may be completely 
oxidized and there is very little loss. The total volume of packing is 
1018 cubic inches. The rate of air circulation is 140 cc., and the chaige 
is circulated at a rate of 2.6 cc. per minute. In contrast to the plant- 
size equipment the laboratory-size apparatus allows duplication of 
results Nutrients and various other factors effecting fermentation 
( .Oxidation ) may be studied. The generator may also be used in control 

work in vinegar manufacture. 

MECHANISM OF ETHYL ALCOHOL OXIDATION 

Acetic Acid Fermentation 

In 1899 Hoycr showed timt .ncotnUU-liydc is an intcrmediniy product 
In 1 .i^.lalion of oti.yl aloolrol. Ncuborg and Nord (50 supported 
.1 . .... l.v 'innlvini: caloiiiin sulfite Bxation. It has long been knoun 

ll'i'at'vvdien there is lack of oxygen in the generators acetaldehyde may 

1 i to incomiileto oxidation of the ethyl alcohol. 

"'■'in nornml acetic acid fermentation ethyl alcohol is dehydrogenated 

in the following manner: 


on 

CII 3 C— n + 

\ 

IT 

lOthyl alcohol 




O 


CII 3 G 

\ 

II 

AoctiiUU'hy<lc 


-h H 2 O 


Acetaldeliyde is then further oxidized to acetic acid: 


CIT3C' + 2O2 

II 

Aootahlohyclo 


CHsCXlOH 


Aootlo aold 


/I 

:SL-.;‘r=J s 
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Differential Characteristics of Acetobacler Species 


MECHANISM OF ETHYL ALCOHOL OXIDATION 


373 


« o 


03 

QQ 

g « 

s£ § 

S 

o3 

Q 

O 


H ^ 


^ S 

3 


o ^ 


a '•£ 

o 


F « :2 

^-3 2. 

o ^ 

M o 

Ph 


bC 

.9 

> 

'So 

Q> 

C 

o3 

a 

a . 


o 

a 

a 

fl c3 


c3 •::? 
3 


3 ^ 

S § 


CO 

-4-3 ►- 


a> 

a E 

3 3 
3 O 

M CO 


-4-3 

o 

3 

"3 

O 

Oh 


-4-3 

g c3 

in ^ 

tUO <D 

a a 


W) ^ 

*s ^ 

bO 

<D 

02 (D 

o to 
^ o 

^ 3 

° 'ib 

o ^ 

« 

a? ' 

2 a 

Ph 


>> 

-3 (5 

|o 

q ^ 
O O 


lo a 

o 

s 

D -"H 

I - 

^•5 

O 

§ “ 
& 5 

° s 

W 


^3 i 

• -N CO 
U fH 

q 3 
o ^ 

c s 

O ^ 


o a 

CD 

FI O 




O 

j-3 


a 

o 

a 

a T3 

O a) 
O N 

^3 S 

§ O 

o 

A 

a 

o 

O 


§ ^ 
I o 


o 

a 

c3 

-4-3 


0 

w 

2 5 

M g 

.. M 

0 - 
CO ^ 

O O 

-4-3 ^ 

0 0 


q -r? 

bjO bfi 

<1^*' S 

g| 

3 q 

^ a 


o o 

s • - 
s « 

3 O 


o 

3 

cO 

-G 

w 


o 

0 -fS 
CO 

O -p 
^ 5o 

3 3 
•3 CO 
bO ^ 


O C 
^ o3 

bD a 


0 O 
CO -4^ 

O -c 
0 -P 

3 tn 

pG o 
bO «5 


— r o 

a -a 

I a 

p4 


o 

c 

cO 

pC 


- o 

0 -4^ 

CO *3 

3 S 

0 G 
3 o3 

"S} a 


O O 

2 - 
§ pG 

2 ® 
5? w 

ft. ^ 


O 

G 

q 

pG 


"S 3 

I o 

-4-S 

^ § 


^ 3 

5 3 
eg c; 

6 -5 

2 bC 

(X •' 
^ 0 
CO 

o' § 

g s 

cO o3 

:S S 


0 .A 

CO t-4 

3 .G 

« -4^ 

o3 ^ — 4 

a 3 g 
0 

C’' 

2 ^ M 
0 X .. 

3 0 75 

« -d S 
0*' ‘S 

CO 0 c 

s B i 

a g-g 


S 

3 0^ 
03 rv 

p5 5 a 

12 ja o 
H ^ Q 


A 

a 

o 

O 


0 

'a 

a 


^3 -g o -d 

Ph 3 'r! £Ld 0 -SS 

“ 0 0 rH o 0 

c3 «3 03 o3 


-G 0 

O T? 3 PT-c 

^ rs ^ 1 1 


c3 «3 


eO ^ 


a d 

3 

S '? 

■■g D, <i 

(5- a 

^ 0 

H 


lO 

CO 

CO 


o .2 


.2:1 § 
ao« 


+ 


s 

0 

s 

03 

pG 

O 


00 

b 2 
9 

s •§ 


j<r I* 

CJ 0 

•S GJ 

pG ^ 

H ^ 
“ 0 


bp >j bC 

-» p^ iS ^ o8 -s .g 
^373 2 j^bOG-g 

Q 2 g I -^.3 :a a 

•2 I a o Ho 


G 

a 

H 


v> 09 

§ .2 


S 3 
S 0 


^ sx 

0 09 


60 

1 

§ 


i 

§ 


bacterial eermentations 

^ Thi< ‘showed tliat it is not the free 

of methylene ” ‘acceptor, but that the hydrogen 

ZrcTXrato^o. and of aldehyde hydrate are actuated by some 

speeiftc intermediary ^,etic aeid formation from 

It had been suggested acetaldehyde catalysed 

alcohol requires a two-step y an^yme has not been isolated, 

by a dehydrogenase ' “]' , 50 ^ an anaerobically acting 

iTai: wh“d on two molecules of acetaldehyde in the following 


manner : 


O 


2CH3C 


f H2O = CH3COOH + CH3CH2OH 


H 


This enzyme, however, i^not akSoHn?^ 

acetaldehyde. Acetone pow Probably cytochrome and 

o-r “f 

if " and offers a highly interesting 

avenue of research. Q«;rl m a v be an intermediary product 

Under certain conditions “ “'ja ?n ia,ge-scale operations, if 
of metabolism of acetic acid b^cteri . oxidized, up to 

oxidation is permitted to proceed until aU the alco^ o .Ji^ 

20 per cent of the aceti oxidation of acetic acid by 

laboratory experiments, p„„I;derablv with the species (52, 57). 

Acetobacter p°.^y,g’'parbon dioxide formation, whereas others 

suggested the following basal 0.5 per cent tryptone 

oxidative ability J ct powder (Difeo), and 0.1 per cent 

L 16 minutes. The -10.1 N alLli. Study of the 

Tm" — than acids requires chemical analysis of 

the culture medium. 
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PRODUCTION OF LACTIC ACID BY BACTERIAL 

FERMENTATION 

The optically active as well as the racemic mixture of lactic acid is 
produced by bacteria. However, commercial lactic acid is usually the 
racemic mixture, Lactobacillus delbrueckii and Streptococcus lochs 
produce d-lactic acid; Leuconostic mesenteroides var. Sake and L. 
leichmannii usually form t-lactic acid, whereas some bacteria such as 
Lactobacillus pentoaceticus produce f-lactic acid. These bacteria are 
most active at 50° C. At this temperature contamination is reduced 
to the minimum. It has been suggested that certain organisms intr.)- 
duced into the cultures as contaminants contain an enzyme (racemiase) 
that converts optically active lactic acids into inactive lactic acid (58) . 

Commercial Production. The organisms employed commercially 
are those which produce lactic acid as the main end product (homofer- 
mentative). They are L. delbrueckii, L. casei, L. bulgariciis, L. Icich- 
mannii, and Streptococcus lactis. 

Media. Glucose, sucrose, or lactose may be used. Polysaccharides 
such as corn and potato starch must first be hydrolyzed to maltose or 
glucose by the action of amylases or acids. 

Growth Substances. Riboflavin (59, 60), pantothenic acid (61), 
and nicotinic acid (62) were found to be essential for some lactic acid 
bacteria. 

A New Activator of Lactic Acid Fermentation. Virtanen, Kar- 
strom, and Kahra (63) reported the presence of an activator in milk 
that vigorously stimulated lactic acid fermentation. 

B. casei epsilon (Thermobacterium helveticum) was cultivated in 5 
liters of whey. The organism was collected by centrifuging, washed 
with water, and suspended in 100 cc. of water. The following test was 
used. 

To 5 cc. of the aqueous suspension of the organism was added 200 
milligrams of glucose in 5 cc. of M/2 phosphate buffer of pH 6.34. The 
ash had no effect, indicating that the catalyst is an organic compound. 
Yeast also contains this factor. Thiamin has no similar effect on lactic 
acid fermentation, and the factor does not stimulate alcoholic fermen- 
tation by yeast. These growth substances are contained in the so- 
called accessory nutrients such as steep water, malt sprouts, and thin 
grain residue (64) . 

LACTIC ACID PRODUCTION FROM WHEY (65, 66) 

A quart of sterile skimmed milk is inoculated with a culture of L. 
bulgariciis containing a yeast to increase the rate of fermentation. 
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24 l,..u,s M 43 ( \ tlu. cultui o i,< plnco.l in a 40-quart jug which 

cntan.r i.ast. urizc.l n.ilk. Alter 24 hours at 43 0- 
hit: 'u-c a.l.lf.l tt. aOO -allons ol past.-unzed wlicv- Thi^ aaitei i. al 
l‘v;t to tttcuhatc (or 24 hours at 43 C. a.ul is addcrl to the mant fe^ 
„„.„tatio„ tank ol StlllO-gallot, rttparity. ll.e ntash is kept at 43 & 

, ' is a.l.le.l to , 1,0 tuttsh eery (i hottrs. Femuntat.on ,s complete in 
about 42 liour< Thv lactalbuinin is naiiovod by boat coagulation a 
qii (• ali.l i- tllowf.l to settle. The etLiehiip laclate IS >locanto.1, dccol- 

:':;hfal.,„ pur,„e.l, . 1 ,.,..,,, a,„, .. 1 ,, as . 0 , 101 ,..,, l,.e,ate or con- 
v..rl,.,l to tlm .lesire.l grtol.' of lartie a.ml P"''''™' i'q Nccdlc 

l(,7t eml.lov milk .amtainiug uit.lenalure.l proteins. W hok milk, ^ 

ilk!';:,. ;ki„., mllk m .he h.,ui.l ot - *'«■ .ir,- „„.y be used. 

The following i^ a typical mash; 


Su^iir (»lrxtros<‘) 

Mi!k p<»\v*lvr 

Dijimmoniuni acid i>hosphato 

( 'jilcium carhnnato 

Water to 7 (MM) gfilloiiH 


POUNDB 

1 r>() 

50 

4000 


This , is i.t-'.-;.;| -t;."?, to ? d:;':’"iC'irfe:- 

L. flrWrucrhi uml ,a<nl. The microorganisms 

lime is tultled to «dl-i Oe '-.'.-V „ „„ 

inBterinl are leiumt' . j, „|oriaed will, ti vegetable ear- 

of 0 to 7 Uirtir and. l„i;„n The solution is coneentmtccl 

bon, yirl.linp a ^ ‘.Inr.l. The resultant powder is 

to 20 to 21” Hiitmie ami Umii sp tiy uii calcium 

.lasHlikc and filtrate may be treated 

lactate. Ifluetir arid is desind calcium sulfate may 

bo'remmu'rily fiirralilm " C H^tnOe is decolorized and concentrated 

d-lactic acid may bo produced by L. cosci, 

brueckii, 3. . , u iur«M« Tn 1894 EijUman showed that 

« 
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Mechanism of Lactic Acid Fermentation. Thermobactenum del- 
bruckii, B. lactis acidi, and certain molds produce almost pure d{-) 
lactic acid according to the equation: 

C6H12O6 = 2CH3CHOHCOOH 

Other organisms, in addition to producing lactic acid, yield ethyl 
alcohol, glycerol, acetic acid, and mannit. Mannit, however, is 
among the fermentation products only when fructose is employed as 

the substrate. 

There are two kinds of enzyme systems by which lactic acid may be 
produced. In one, having the glycolytic enzyme system, methylglyoxal 
is an intermediary product. In the other, having the zymase complex, 
pyruvic acid is an intermediary. All organisms producing lactic acid 

appear to possess both enzyme systems. 

Lactic Acid Uses. In the United States approximately 10 million 
pounds of various grades of lactic acid is produced annually. The 
leather industry is the principal user of lactic acid, consuming over 
80 per cent of the entire production in the United States. The solu- 
bility of calcium lactate and the mild action of the acid on the hide 
make it an ideal deliming agent. Lactic acid is also used in the dyeing 
and textile industries.- Some is converted into ethyl lactate, which is 
a good solvent for nitrocellulose, used in the manufacture of pyroxylin 
lacquers. The edible and U.S.P. lactic acids are used in the production 
of foods such as pickles and sauerkraut, where it acts as a preservative. 
It is used to adjust the pH of worts in beer manufacture and to prevent 
the growth of the butyric acid bacteria in yeast manufacture. Since 
lactic acid is readily metabolized, its uses in the various food indus- 
tries are unlimited. 

Production of Other Organic Acids by Fermentation. Other or- 
ganic acids such as formic, fumaric, malic, oxalic, succinic, and butyric 
may also be prepared by fermentation. At present, however, chemical 
methods are preferred by the industries. For an excellent review of 
the literature concerning these products see reference 69. 

PRODUCTION OF RIBOFLAVIN BY MICROORGANISMS 

Certain microorganisms, when grown on liquid media, are capable of 
synthesizing 300 or more gamma per cubic centimeter of riboflavin. 
Such high-riboflavin-producing organisms were found to be the yeasts 
of the Candida genus, Ashbya gossypii Guilliermond, Eremothecium 
ashbyii, and, in somewhat lower levels, by organisms such as Clos- 
tridium acetobutylicum (70). The riboflavin may be precipitated in 
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the form of a reduced precursoi, 
certain types of reducing bacteria 
avirulent streptococci (71). 


which is formed by the action of 
, particularly a group of generally 
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CHAPTER XXI 

PRODUCTION OF ANTIBIOTICS 

PENICILLIN 

^ovPral nowerfully antibacterial substances produced by micro- 
organisms have been studied. Two of these, pen.c.lhn and 

diseases. Penicillin was discovered by Fleming m 1929 ( b • ■ 

Fleming, of London University, and Drs. E. Cham and H. . y. 
of Oxford University, were awarded the 1945 Nobel Prise ^ Pl>y>- 
o ogy and medicine in recognition of their discovery 

Chemical Properties 
The term " penicillin,” as 

■bacterial P°‘“'y ^ ^.“ber of groups of American and 

Sli"ch"misr[2:"3). that sever.^unrelated eom,iounds iw 

^"°’‘''°‘'’^nuUTnr^eeil?^ub7i:nces to which the main antibacterial 
Sy rdt rLTall have the basic structure, shown in structure I. 

*' n 
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.C=N— CH— CH 
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-CO 


NH 
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C(CH3)2 
CH— COOH 


J. 

Proposed general structure for penicillins 


PropoBod general - 

At least rinlca^— ^"e^^oUly 

^r'^dX^iftteir biological properties. Owing to lack of sufficient 

Material, this problem has not been fully investigated. 
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It should be noted that experiments involving the production of syn- 
thetic penicillin were carried out in several laboratories in which 
d-penicillinamine hydrochloride (structure II) and 2-benzyl-4-meth- 


Name 

Source 

R— 

F 

P. chrysogenum-nolatum 

CH 3 CH 2 CH=CHCH 2 — 

Dihydro F 

A. giganteus 

CH3CH2CH2CH2CH2— 

Fiavacidin 

A. fiancs 

Cfi- 

G 

P. chrysogenum-notatum 

< >CH2- 

X 

P. chrysogenum-notatum 

HO<^ ^CH2- 

K 

P. chryHogenum-iiolatum 

CH3CH2CH2CH2CH2CH2CH2 


Fig. 38. T 3 'pes of natural penicillins. 


oxymethylene-5(4) oxazolone. (see general structure III) were con- 
densed. 


HS— C(CH3)2 

H 2 N— CH— COOH 

II 

4-Pemcillinarmne 


R— C=N— C--CHOR' 
O CO 


III 

General structure of oxazolones 


Concentrates of this reaction mixture contained only a small fraction 
of the activity of the natural product. However, du Vigneaud and 
associates (2) found that, when the condensation was carried out in 
pyridine-containing triethylamine, followed by heating the final prod- 
uct in pyridine-containing pyridinium chloride, a crystalline com- 
pound (triethylammonium salt of benzylpenicillin) was obtained in 
a very small quantity. This product was in every respect identical 
with the natural triethylammonium salt of benzylpenicillin. The 
synthetic mixture, however, contained only 0.1 per cent active sub- 
stance, and the isolation of the pure compound was very difficult. 

The type of penicillin produced by a certain mold depends on the 
nature of the culturing method. According to Rake and Richardson 
(3) , It IS impossible now to give any definite data concerning the rela- 
tive composition of a given penicillin sample. Surface cultures pro- 
duce mainly the F type, whereas deep fermentations form predomi- 
nantly the G type. Commercial products available now contain a 
mixture of F, K, and G penicillin. The X type is present only in traces 
m these samples. The original penicillin preparations assayed 50 units 
per milligram. This activity was gradually increased. The minimum 
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:iS2 

r<’( jiii s the Fnoil :unl Orup; Adininistrution hii\o p^ogICSsi^el5' 
niisid, and, on ScpkanlKT 1, 1945, thoy were inereased from 300 
to 500 units jH'r niillii^rain. lIowe^■el^ even the best commercial 
(d in I e;d - ^rade |H'nit'illin )irej>arat ions still contain 25 ]iei cent impuii- 
) jes. C rystalline pi'iiieillin (1 has now been plaiaal on the mailcet by 

se\’eral concerns for clinical use. 

The frei' iieiiicillins are stron.i: acids, haviiuj; pH's close to 2.8. They 
form salts with \ arious cations. I sually the sodium and calcium salts 
are preitared. Penicillin and its salts are \ery soluble in water, acetone, 
tlioxane, ether, esters and in chloroform. The solubility, however, 
varies with the /dPs of the solutions. This iiroiH'ity iH-rmits a con- 
venient isolation of tlu' substance. The free earb.>xy! group may be 
esterilied without iiniiainnent of the basic structure of the compound. 
The methyl, ethyl, butyl, lamzyl, and benzbydryl I'sti'i's of jx'nicillin 
have been iirei>ared td', 5). Tbes.' esters are insi.luble in water but 
solulilc in fats. They are inactive until hydrolyzi'd. Penicillin decom- 
poses readily at /dl 8.5 or higher. TUc basic structure is destroyed by 
alcohols, such :is methyl alcohol, hy sulfhydryl comi>ounds, by heat, 
and l)y ’repeat('d freezing and th.awing. It is also destroyed by the 
enzyme penicillin.ase, which is produced by many microorganisms (see 
,sc(dion on penicillinase in this chaptei). 


Synthetic Media for Penicillin Production 

According to Stone and Farrell (01, who investigated the use of syn- 
thetic media for penicillin pro.luction at the I’ennsylvania Slate College 
for th<' CfTice of Production Kesearch and Development of the ai 
Production Hoard, the following media are suitable for commercial 
preimration of penicillin. These media have been used at several 
plants for short periods. Mohl growth on these is slower than on corn 
Hte<m me.iia, aial the yield is slightly lower. This fact, however, is 
offset by the greater ease of purification of the resulting product. 
Stone anil Farrell especially reconiniend these media for research on 

the iiroduction of various iienicillins. 

Many workers found that it is necessary for the medium to oontoin 

phosphate, sulfate, iron, potassium, magnesium, zinc, and about 1 

p p in of copper. Most cultures gave best results when the potassium- 

Hoilium ratio was greater than 1. Some source of sugar or starch was 

reiiuired. No carhohyilrato was found superior to lactose, which has 

been generally employed, together with corn steep solids, m industrial 

penicillin production. Some amino or ammonia nitrogen was necessary. 
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but too high concentrations of either decreased penicillin yield. All 
the successful synthetic media contained some organic acid, acetic acid 
giving the best results. It was found that the pH must be kept between 

6.5 and 8.2. 

Surface Growth Conditions. Culture 1259.B21NRRL was grown in 

1.5 liter round milk bottles, plugged with cotton, and incubated at 23° 

to 25° C. in a horizontal position. About 250 cc. of the following basal 
medium was used; 


Per Cent 


Lactose 

0.4 

Glacial acetic acid 

0.5 

NH4NO3 

0.5 

KH 2 PO 4 

0.1 

NaNOa 

0.5 

MgS04-7H20 

0.025 

FeS04-7H20 

0.02 

ZnS04-7H20 

0.004 

CuS04-5H20 

0 . 0005 


The pH was adjusted with potassium hydroxide to 6.1 before sterili- 
zation, so that the final acidity was above pH 5.6. An equivalent 
quantity of potassium acetate may be substituted for acetic acid, elim- 
inating the potassium hydroxide. The addition of phenylacetic acid 

increased the broth assay from 50 Oxford units to 
100 units per cc., while the addition of both 0.4 per cent phenylacetic 

cysteine or cystine gave 120 to 150 units The 
chief difficulty in surface culture is that penicillin formation is readily 
influenced by slight changes m environment. Such changes cause dif- 
erences in the utilization of sugar, effecting changes in the pH of the 


"I 1^ T and NRRL 1951 B25 were 

L fermentations, employ- 

ing the above medium, it is important that the pH be kept below 8 2 
at the end of the first stege of fermentation. For this reason, some free 

6 5 Acid o r pH must be above 

6.5.. Acid or alkali may be employed, if necessary. 

1 7‘'® medium is satisfactory for 

1-htCT, cotton-stoppered Erlenmeyer flasks, containing from 100 to 180 

00 of medium: 3.0 per cent lactose, 0.6 per cent glacial eceH„ . a 

0.5 per cent glucose, 0.5 per cent NH 4 NOS, 0.2 per cent KH pn n ns 

per cent MgSO^-THeO, 0.02 per cLt OOol ne*’ 

ZnSOi-TH^O, and 0.0005 per cent CuSOi-SHeO. The pH is Liusted 
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to C, 1 with KOU. The sltakcT should move a distauoc of 2.7o inches 
■It 90 r p in. W'th culture X-Uil2. under proper aeration, this medmm 
prodimes from 100 to 150 units of pemeillin per cubic centmicter in 6 
to 8 davs. The ad.lit ion of 0.04 per cent pheindacetamide or /3-plicnv 1- 

cthvlamine increases the yield by 50 units iier cc 

Sti-red Bottle and Tank Culture. In this type of xioik, 20-1 t 

Pvrex triads bottles inounlcl in a water bath and stirred iMth a o-inc 
' n I.. t.rrer at speeds of 300 to 500 r.p.in. was employed. 

,,y'nu.a,,» ,.f -...-.noh ..ou. a,.H,od i„ a «>«,.- 

, ■ 1 I n (Swift’s Alrllocrust) was einplovoil as an anti 

"‘ ""'"■'T." , "■ V 2 TI„. n„.ai„,„ .hnilar to tl,c ono 

o„ui :r po„a.„n„ oduced 

... nlim.Kj. ,„„1 ,.„vvoikor» t7t alu.lk'd pilot- 

Submerged 7;, of pooidllin and dc- 

phinl ociiiipnioid. tin , tors Wilb lids oqnip- 

srribo.l a llWI-gallon lank air Id ' • ' P ,,,, obtained 

uli':; 7.,™';;::..: « u.d.s ..e,. cc. 

will, cuKnrc a,, aeration rale of 1 volume 

,.,.llnre X-l(.li of eullure inediun. rvas found optimal, 

of air iier minute pi a,,,,,,, ..nd Alledieny metal were non- 

Agitniion was necesaaiy. ” ' • ^ q-jiis puper contains diagrams 

,oxie, whereas ,ron ,„.oeedures. 

''""""rom M d um vh.itrnore and eollabora.ors 18 ) de- 
Recovery from as developed at the 

„,.,.ilK.,l lln.earhon process an 

Pennsylvania . Ut nqueons acetone. 

adsorbate is evaporated to yiehl aqueous penicillin solu- 

tion. ^ nroeja^ the penicillin is continuously 

'‘l f ■ '\^!ic cultm-o by an organic solvent (amyl acetate), fmm 

:,r,rSusT;::l7r:!l O a7u.er solution by a continuous countel- 

current .•xtraction procedure procedure for the isolation of 

,„,gor (91 -■■'■'"'"'■"'I" f . l-ll 6.4 with 20 per cent 

;r;;i:;:ie':eh,™t:er;u::h;;'is p.ei,:itated .. adding ammo. 
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nium sulfate to 40 per cent concentration at 0° C. After filtering, 5 
volumes of the filtrate are extracted with 1 volume butyl alcohol in a 
separatory funnel. To the butyl extract is added 1 volume light petro- 
leum ether and V 2 volume 2 per cent sodium bicarbonate. .After .sepa- 
ration, the petroleum ether-butyl alcohol layer is again extracted with 
bicarbonate. The penicillin in the bicarbonate extracts is further puri- 
fied. Complete details are given in the article. 

All-Electronic Penicillin Drying System. The Radio Corp. of 
America developed an all-electronic penicillin drying system which is 
manufactured by the F. J. Stokes Co., Philadelphia. This system con- 
tains three separate units: a radio heat bulk-reducer, which completes 
in 30 minutes a bulk-dehydrating operation requiring 24 hours by 
existing methods; an electronic vacuum drier, which in 3 minutes 
reduces 1-cc. quantities of concentrated penicillin solution to a dry 
film in vials; and vacuum heating chambers, which remove the re- 
mainder of moisture from the vials, completing the drying process (for 
details see reference 10). 

Suggestions Concerning Improvements. Foster and associates 
(11) found that cottonseed meal is at least as good as corn steep liquor 
for penicillin production by P. chrysogenum, strains Demerec X1612 
and Wisconsin Q176, and that it is not necessary to add chemical pre- 
em’sors using the cottonseed meal. P. chrysogenum required an adapta- 
tion to lactose for the most rapid and efficient utilization of lactose. 
Foster and coworkers (12) observed that active strains of P. notatum 
tend to degenerate or lose their capacity to produce penicillin, especi- 
ally after continued serial transfer on laboratory media. The degener- 
ation can be eliminated by reducing vegetative transfer. A method 
for doing this is given by the authors. Zinc catalyzes the rapid oxida- 
tion and utilization of glucose by the mold, thus preventing the accumu- 
lation of gluconic acid, which is responsible for the fall in pH of the 
medium- and low-penicillin yields. When P. notatum is the mold used, 
cottonseed meal, soybean meal, and corn meal are as good supplements 
as corn steep liquor, in submerged cultures (13). Backus and co- 
workers (14) exposed spores from a monoconidial isolate of strain 
X-1612 of P. chrysogenum to ultraviolet irradiation. A new strain, 
Wisconsin Q176, was obtained, which has consistently surpassed its 
parent in submerged penicillin production in pilot-plant experiments 

Assays. Foster and Woodruff (15) described complete details of 
the cup assay for penicillin and included discussions of the principles 
involved. Higuchi and Peterson (16) published an extensive study 
concerning the microbiological estimation of types of penicillin in 
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broths and finished products. Dorfman and collaborators (17) pro- 
posed a new physical method. When penicillin interacts with sus- 
ceptible bacteria, the ? potential of the mixture rises withm the first 
minutes. The ^ effect of penicillin is a function of its concentration. 

The method is said to be applicable also to other antibiotics. 

Color Tests for Penicillin. DiFonzo (18) published the following 
color test for penicillin. An aqueous solution of the sodium salt of 
penicillin is acidified with hydrochloric acid, and cold sodium nitrate 
solution is added drop by drop. The mixture becomes red-violet and 

then gives a violet precipitate, ^ 

Staab, Ragan, and Binkley (19) described the following coloritnetiic 

method: To 1 cc. penicillin solution are added 1 cc. of 

cent hydroxylamine solution and 1 cc. of 0.1 M 6.4 aceta e buffer 

After 5 minutes at room temperature, 1 cc. of 0 8 ^ 

and 1 cc of 10 per cent ferric chloride m 0.1 N hydrochloiic acid a 

added. The color is read 5 minutes after ferric chloride addition, using a 

Klett-Summerson colorimeter and a Klett 54 filter. ea o — 
per cent are easily obtained with 500 to 1500 units of penicillin per 

cubic centimeter. See also Ford (20). 

PENICILLINASE 

TV.P nenicillin-destroying enzyme penicillinase was first described 
by Abr^am and Chain (21), who prepared it from 

pemoilhnase. f penkillinaae from Baoalus cerem 

NERLB-569 One milligram of the purified en.yme completely 
NRRLB 669. crystalline penicillin in 3 hours at pH 7.0 

C. Papain, PeptWases, polidase, tekadia^tase.^fic^^ trypsm, 
urease, lysosyme. caA™'c anhyd^ase «- a d ,3- y 

The thX“hen cell-free bacterial penicillin- 

Strains. Foster of bicarbonate, carbon dioxide 

was'!ib1rate"d.'’Tws would indicate that a new acidic group is formed 
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by the action of the enzyme on penicillin. Benedict and associates 
confirmed this finding. However, the reaction product or products 
were not identified. 


STREPTOMYCIN 

Streptomycin was discovered in 1944 by Waksman (26). This sub- 
stance is produced by the moldlike soil organism Actinomyces griseus, 
which had been described about 1925 by Waksman. This organism 
sporulates and produces aerial mycelia. It has the generic name 
Streptomyces. Streptomycin displays great activity against various 
Gram-negative bacteria (26). Clinically, streptomycin has been 
found to be valuable in the treatment of several diseases, the most 
significant of which are certain types of tuberculosis. 

Isolation and Chemical Properties (26). Streptomycin is an 
organic base, soluble in water, but not in ether, chloroform, or acetone. 
From the cell-free culture filtrate, the substance is prepared by adsorp- 
tion on active charcoal, such as Norite. The adsorbate is washed with 
alcohol to remove impurities and then with dilute acid-alcohol to elute 
the streptomycin. From the clear eluate, the substance is removed 
by the addition of 10 volumes of ether. The ether removes the alcohol 
and leaves the streptomycin in the aqueous fraction, from which it 
is precipitated with acetone. Further purification and crystallization 
are obtained by precipitation with phosphotungstic acid and by con- 
verting the liberated base into the crude picrate. Then the picrate 
IS fractionated by chromatographic procedures. When the picric 
acid IS removed, highly active fractions are obtained. The addition 
of Remecke salt yields crystalline precipitates. From the insoluble 
reineckate, soluble salts, such as the hydrochloride and the sulfate 
may be obtained The addition of methyl orange, the sodium salt of 
hehanthme, results in the crystallization of the slightly soluble stren 

tomycin-hehanthate, which can be readily converted to the salts of 
streptomycin (27), 


The Structure of Streptomycin ( 28 , 29 ) 

acid degradation of streptomycin yielded streptidine and 
a disaccharide streptobiosamine. Streptidine has bee^ -found to 

be a l,3-diguanidino-2,4,5,6-tetrahydroxycyclohexane. Degradation 

c^f streptomycin with methanol and hydrogen chloride yielded 
tidine and a derivative of streptobiosamine. Further hydrolysis of\ 


1 
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stroptobiosamlnc clorivative resulted in the isolation “t ^-methyW- 
glueosamine. Further tvork by Kuehl and associates (30) led to the 

following structure of streptomycin: 


NH 


NHCNHs 

in 



HOCH CH 

in Ciioii 


HdNCNIiClI 


NH 



C 



OH H 

Streptidine 




Streptobiosamine 


CHaNHCH 

nioH 

I 

HOCH 

I 

CH 

CHjOH 


Slrrplomucxn 


Medium. Wales, nan and associates (26) employed the following 
medium for the production of streptomycin; 


Glucose 
P(!))ione 
Meat extract 

NaCl 

Tap \vat«‘r 
Final pll 


10 grams 

5 grams 

6 grams 
5 grams 

1000 cc. 
6.5 to 7.0 


" 

ioinyciu-fonning sti.un. » • „ Brook and coworkers (31) 

Submerged Pilot-Plant " containing 100 liters of the fol- 

proiluced Htrepinmyem m iron tanks containing 

lowing medium; 

ClucoHO (ccrcloHc) 

Curbay B-C. (soluble butanol 
fcrmciilution jiroducts, U. b. 

ImluHtrial Chemicals, Inc.) 

NaCl 
Na2POi 
(NI-HlsSO.! 

MrSO 4-711 2 O 

CttCOii (Htcrili7,cd separately ; 

Tap water to make 1 liter. 


10 

grams 

1 

gram 

6 

grams 

1 

gram 

2.6 

grams 

0 . 26 gram 

3.6 

grams 
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The culture medium is sterilized, cooled, and seeded with a 5 per 
cent volume of a 48-hour vegetative inoculum. The following extrac- 
tion method was employed for the isolation of the sulfate. 

One hundred liters of culture liquor assaying 120 units per cc. 
is acidified with sulfuric acid to pH 2 and stirred for 30 minutes with 
250 grams of Nucher C-190-N. The mixture is filtered on a filter 
press, using 2000 grams of Celite 545, and the cake is washed with 
10 liters of water. The filtrates and washings are adjusted with 
sodium hydroxide to pH 7.0 and stirred with 1000 grams of Darco 
G-60 for 30 minutes. The carbon containing the streptomycin is 
collected on a filter press, using 500 grams of Celite, and is washed 
twice with 10 liters of w'ater. The streptomycin is eluted from the 
carbon by extracting three times with 3.5 liters of 5 to 10 per cent 
acetone. Then it is acidified and kept at pH 2.5 with sulfuric acid. 
The combined eluates are stirred with 3 volumes (28.5 liters) of 
acetone, which precipitates the streptomycin sulfate. After being 
kept overnight at 40° C. the precipitate is collected by decanting 
and filtering. The precipitate is dissolved in 250 cc. pyrogen-free 
distilled water, and the insoluble impurities are removed by filtration. 

The filtrate is adjusted to pH 7.0 with sodium hydroxide. The insolu- 
ble material is discarded. 

Brook and associates (31) clarified this solution of streptomycin 

sulfate, then froze it and dried it in vacuum at 200 to 600 The 

yield was 12 grams of a white powder assaying 600 units per milligram. 

This represented an over-all recovery of 7.2 million units, or 60 per 

cent. Their paper contains numerous useful data concerning the 
purification of streptomycin. 

Assays. Waksman and Reilly (32) developed ' an agar-streak 

method for assaying streptomycin and other antibiotic substances and 

Loo and coworkers (33) described an assay of streptomycin by the 
paper-disc plate method. 

A Color Test for Streptomycin. Sullivan and Hilmer (34) found 

that aqueous solutions of streptomycin react with oxidized nitroprusside 

giving a Striking red color in very dilute solution. Streptothrycine 
does not give this reaction. I'myome 


CITRININ 
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ertics, its derivatives, and its breakdown pioductt' 
the following structural formula for this compound: 


O 


\ 


CC2H5 



c 


COH 


They suggested 


CHsC 


C 


\ 


9 

\ 


C 


CCOOH 


CHsCH — O 


Citriniu 


Method for the Preparation of Citrinin. Raistrick and Smith 
(36) recommended the following Czapcck-Dox solution for the pi - 

duction of citrinin: 


NaNO.i 

KH.2PO4 

Kc:i 

MuSOtTHaO 

FoSOiTHiO 

Glucose 

Distilled water 1 liter 


2 grains 
1 gram 
0.5 gram 
0 . 5 gram 
0.01 gram 
50 grams 


Thi» medium is placed in 360-cc.. portions in liter flasks, plugged 
UH e-n,-i.i.uk insulated .ill, 

''":"''”Vod ‘citS crySt“ou" in, mediately. Tl,e eilrinin 

rstirtf^gcrofl fnd dried I TiZ 

alenloX »l»' 

™Lmed'tte actiorS’ citrinta on Slreploioecus aureus as reported 

by llaiHtrick and asBociatca penicillin, citrinin 
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Penicillin is much more active, however. Citrinin gives the phenol 
color test with ferric chloride. 

A Color Test for Citrinin. Tauber, Laufer, and Goll (37) described 
the following test for citrinin. To 1 milligram of citrinin dissolved 
in 0.5 cc. of 95 per cent alcohol, 0.3 cc. of 3 -per cent hydrogen peroxide 
is added. The mixture is agitated for 1 minute. The intense yellow 
solution becomes first colorless and then light brown. Then 0.3 cc. 
of 0.2 N sodium hydroxide is added. A wine-red color forms at once. 
On the addition of 0.3 cc. of 0.2 N sulfuric acid, the wine-red color turns 
orange-yellow, and on the addition of another 0.3 cc. of 0.2 N sodium 
hydroxide the wine-red color reappears. In a control tube containing 
water instead of hydrogen peroxide, an orange-yellow color develops. 
Citrinin solutions that had been treated with sodium hydroxide and 
readjusted to the original pH did not give the hydrogen peroxide- 
sodium hydroxide reaction. Alcoholic citrinin solutions continuously 
exposed to air undergo certain changes which are not identical with the 
reaction just described. Continued exposure of citrinin to solutions of 
dioxane results in a hydrogen peroxidelike reaction. 

This reaction is not given by penicillin. Anthocyanins and related 
natural pigments, however, and polyphenols containing phenolic groups 
in positions 3 and 5 also give typical colored oxidation products under 
similar conditions (38). 

Citrinin in Aspergillus sp. Timonin (39) reported that one cul- 
ture of Aspergillus sp. of the Candidus group had antibacterial prop- 
erties similar to those of citrinin. 

The Toxicity of Citrinin. Timonin and Rouatt (40) reported that 
2 milligrams of citrinin proved to be lethal to 20-gram mice, whereas 
50 milligrams per kilogram body weight in rats resulted in no ill effects 
to the animals. Ambrose and DeEds (41) have extensively studied 
the acute and subacute toxicity of citrinin, using rats, guinea pigs, 
and rabbits in their experiments. They concluded that, owing to 
the tissue changes produced and the fact that the administration of 
citrinin may result in delayed deaths up to 14 days, a statement con- 
cerning an LD5Q dose would be misleading. 

Therapeutic Properties of Citrinin in Surface Infections. Though 
citrinin was found to be toxic when used internally in animal experi- 
ments, Wang and coworkers (42) reported very encouraging results 
when citrinin was employed on rabbits and human beings having sur- 
face infections. Patients were those with staphylococcal and strepto- 
coccal local infections. Citrinin-sodium bicarbonate powder was 
applied locally to the infected region, and the indurated base was infil- 
trated with a 1 per cent solution of sodium citrinin. This was followed 
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bv dressing with citrinin-soakcd gauze. The results according to the 
abhors were “ dramatic.” “The infected area dried up m 6 to 18 
hours, the crust formation being followed by rapid healing. 

EFFECTS OF AN ANTIBIOTIC FROM Aspergillus juviigatus 

ON TUMOR CELLS in Vitro 

Kidd (43) has made the remarkable observation that A. jumigatus 
Fresenius produces an antibiotic that after a fevynmutes contact 

renders the cells of various animal tumors incapable of J 

lification in vitro. The antibiotic has been prepared in crjstalhne 
form It resembles gliotoxin chemically and m its high activi y 
ag”„st tumor cells m vUro. However, the two substances do not 

^"'■ThTmold was cultivated on the surface of a modified Caapek-Dox 
medL for 7 to 12 days at 28 to 30” C The pH which -- ^ene-l y 
3.5 to 4.5 was adjusted to 7.4 with sodium 

“o m 1 igrams per cent glucose. The tumor types employed were a 

ympTiosarcoma of C 3 H mice (Gardner t-ot) - — RSI . 
and the Brown-Pearce 

“of tumor cells upon implantation of the mixture in suitable 
situations in susceptible hosts. 

antibiotics produced by aerobic spore-forming 

bacteria 

several antibiotics that - P^du^^e.^M^: 

STs "areTerrtoxic'when administered internally Some of them 
biotics ar y ;,-,onnrtaTit aids in the treatment of surface 

W:crns.“?hur;ncral 'use is being made of tyrothricin in Band- 
aids and in preparations for the treatment of mastitis. 


tyrothricin, gramicidin, and tyrocidin 

These antibiotics are produced 

tures of the bacillus are ^ ^ , alcohol-soluble fraction 

Cotici:; " r'tlm 'Iton^rf Chlonde, a pre. 

This may bo separated into two components by 


called 


cipitate forms. 
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extraction with a mixture of acetone and ether. The soluble fraction 
consists of gramicidin and may be crystallized from acetone. The 
insoluble fraction contains tyrocidin. Both substances have antibiotic 
properties. It is believed that tyrothricin contains from 10 to 20 
per cent gramicidin and 40 to 60 per cent tyrocidin-HCl. B. brevi.s 
B.G. produces about 0.6 gram tyrothricin per liter of medium. 

Gramicidin is effective against Gram-positive forms. It is toxic 
on intraperitoneal and intravascular injection. It is stable in alcoholic 
solution but not when dissolved in water or when its solutions are 
heated. 

Tyrocidin is active in vitro against Gram-positive coccal forms and 
some Gram-negative organisms. It is toxic when injected intraven- 
ously and intraperitoneally. This antibiotic is stable in alcoholic 
solution even at high temperature. 

Gramicidin and tyrocidin are neutral compounds containing carbon, 
hydrogen, nitrogen, and oxygen. Acid hydrolysis indicates that both 
are polypeptides. Trypsin, pepsin, papain, bacterial proteinase, and 
“ erepsin ” do not destroy the biological potency of these compounds, 
nor is any increase in free amino or carboxyl groups noticeable. 
Apparently the structure of the antibiotics is different from the 
usual linkages found in proteins and their products of hydrolysis. 
Tyrothricin, gramicidin, and tyrocidin have been discussed in a 
very interesting review . by Hotchkiss (44) ; this article contains 
171 references. 

SUBTILIN 

Considerable interest has been shown in the antibiotics produced 
by various strains of Bacillus subtilis. Some strains of this bacillus 
produce an antibiotic of peptide nature which is called subtilin. It 
is being studied at the Western Regional Laboratory of the U. S. 
Department of Agriculture and at the University of California. This 
antibiotic protects mice against D. ’pncumoncQC (III) , Strep. pyoQcnes 
Staph, aureus; it protects guinea pigs against B. anthracis; and it has 
a suppressive effect on M. tuberculosis in guinea pigs. Subtilin is not 
toxic to animals. A detailed description concerning the production 
and properties of subtilin may be found in reference 45. 
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CHAPTER XXII 


THE PRODUCTION OF ENZYMES USING 

MICROORGANISMS 

THE PRODUCTION OF ENZYMES FROM BACTERIA 

Boidin and Effront (1, 2) were among the first to produce enzymes 
from bacteria on a commercial scale for the industries. They used 
strains from the groups Bacterium subtilis and B. mcsentencm. 

Contrary to the general belief bacteria do not secrete the maximum 
amount of amylase when placed in a starch-rich medium. Boidin and 
Effront (1) claim that maximum liquefying activity was develope y 
repeated subculturing in media rich in nitrogenous substances These 
authors used soybean cake and peanut cake with added salts as the 
medium For best yields the bacteria must be grown in thin layers 
to allow the formation of a film. Strong aeration at the beginning of 

growth is essential. . , , 

Boidin and Effront (1) developed a special culture apparatus suita 

for industrial use. To permit the formation of a .film 

controrof temperature and aeration. For each cycle of sterilization 
and propagation a routine of cleansing and sterilization is applied. 
SnUnuous internal pressure is maintained to eliminate contamination. 

One culture apparatus holds 600 to 1000 gallons of medium. 

Figure 39 shLs the culture vessel of Boidin and Effront as improved 

by Wallerstein (3). 

Large-Scale Preparation of Bacterial Diastase in 

Shallow Culture 

Sebultz and Atkin (4) described the following large-scale method 
fof the preparation of bacterial diastase. Bacillus 

of'^Lr to which sulfuric acid is added in an amount equal 

to 5 per con ' ^,5 ^toam pressure. The mash is adjusted to 

nTi to 7 0 while hot. The hot fl Itrate is placed in shallow con- 
[alers and sjerilized in flowing steam for 3 minutes on two successive 
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days. The sterilization is carried out by keeping the pTI always at 
5.85. This wort is inoculated witli a pony ” of a 48-hnur growth 
of the organism of the type of Bacillus vicsenlc r/cus. The “ pony 
is added to an extent of 5 per cent of the final volume of the inediuni. 
The medium is of a depth of 0.5 cm. and the temperature is 30 (’. 
Care is taken that a sufficient amount of oxygen is sui^piied. Under 


Inoecrlatlng 
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Sterilizer 


Air 


Filter 

Air and Steam to 
Sterilizer 

Filling Line 


COa Line 



Filter 
Air and Steam to 
Cnlture Vessel 


Culture Vessel 


Fig. 39 . 


S^pATator and Rcccivincr 
Tank ^ 


Diagram of culture method for bacterial enzyme production. 


moubation. The liquid when separated from the bacteria has hie], 
lastatic activity. The optimum pH for starch-liquefying poner 


Large-Seal. Preparation of Bacterial Diastase in Submerged Culture 

I“*™etskii and Sointseva (6) employ thermophilic bacteria and 
a potato medium for the large-scale production of diastase Th, 
organism used is B. diastaticus. To each fOO liters of water, 5 kilo- 
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p-ams ..f clu.ppcHl potatoes and 10 grams of chalk arc ^ 

mixture is sterilized in the autoclave for ^0 i““^es ^at 22 to 75 
nounds of pressure. Then the mixture is cooled to bo C , and the 
liquid portion is decanted for use as the medium. Milfur- and chloimc- 
f,ee wlter is recommended. The culture vessels should be of alumi- 
num or tinne.1 or enameled iron. The standard strain of B. dias atmis 
can be kept m a medium containing 0.5 gram of peptone, 0.1 gram 
of chalk 2 <n-ams of agar, and 100 cc. of 20 per cent pchato infusion, 
p ovi i That transfers arc made every 20 to 25 days. Good aeration . 
ol the culture is important for efficient yields. The optimum tempei a- 
tuic for growth is at 60° C. The amylase (supcrbiolascl accumulates 

Ldo' robta.. a d..y pvaduct ti,c fiU.atc i. 

■ . rn° r nr it is Drecipitated rvitll alPinoniPin sulfate (60 

70 "c:’'’Tl!r yioW fnun 100 "f 

;‘,;l Sn„“''Spv XltodT ammonium sunato 

‘’■'ir '--uiod to.- * 1,0 production 

llockoid (0) .md cow( fennentatmn by- 

'rf'''kr,«Brnis,n employed wal 'bccHU,^ sMIU. Total amy- 
',::'“;:;.a":u .as the greatest tv, am the Hpui,, *Vd'd 3 

2.r. to 3.8 cut. and t^ ^ .XGp which 

thin stillage ‘nf , Zi t hlcuhation period. The 

lMri;»:ge:"S,"riginal pll at about 4.0. was adjusted to 

Bacterial Proteinase Production 

Kline and associates ,7, suggesUlm 
asparagus butts “f r/T proteinase. The 

,,tivit,y of the ni m- raJ^n^^ according to the 

commercial procului o. ^ juice. Contrary to the 

authors, may In; icp^acci ^ ^ + ho medium does not have to be 

concept of enzyme !!dvogcn and poor in carbohydrate 

rich in protein of protcinascs. A synthetic medium, 

fur the formation of high ^ ^ jj^ving more than 
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Ramon and collaborators I8I reported the production of “ 

acUve proteinase nsnig a modum. eonta.nme 80 »f bran 4 

grams o! yeast, and 6 grams of dried malt extract per liter. Gioning 
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Processing of Enzyme Solutions, As soon as it is found that the 
enzyme content of the liquid no longer increases, the lic|uid is reimn-ed 
from the apparatus, cooled, and jiassed through a iSharples Sujjer- 
Centrifuge (Fig. 40). Centrifuging removes most of the bacteria from 
the liquid. The enzyme solution may now be stored at low temj)era- 
tures and preserved with a suitable antisejRic, or it may be filtered 
through a filter press and stored in sterile containers. If desired the 
enzyme solution may be concentrated in vacuo. 

For purification the salting-out method or j)rccij)itation with organic 
solvents such as alcohol or acetone may be einjiloyed. 

Concentration of Enzymes by Dialysis, ^’oungburgh (9) found 

that by dialyzing enzyme solutions against a concentrated de.xtrin 

solution the enzyme solution may be concentrated to to of 

its original volume within 4 to 48 hours. The dialysis may be carried 
out in a refrigerator. 


THE PRODUCTION OF ENZYMES FROM MOLDS 

For the production of enzymes from molds the selected organism is 

grown in trays or in cabinet incubators (Fig. 41 ) ( 10, 11 1 or in rotating 

drums similar to those used in the production of gluconic acid In the 

production of enzymes from molds solid media must be emploved 
however. ^ ^ ^ 

Qualitatively and quantitatively the enzyme content of even related 

X?.V anf XT , ^ypioal examples are given in Tables 

XLV and XLVI. As may be seen molds contain a great number of 


TABLE XLV 


The Enzyme Systems of Two Important Molds 


Aspergillxis oryzae 


a- Amylase 

iS-Amylase 

Maltase 

Lactase 

Pentosanase 

Pectinase 

Trehalase 

Tannase 

Catalase 

Proteinase 

Polypeptidase 

Dipeptidase 


Rennin 

Lipase 

Amidase 

Cellulase 

C5rtase 

Phytase 

Nucleases 

Sulfatase 

Pyrophosphatase 

Phosphodiasterase 

Phosphomonoesterase 

(acid phosphatase) 


or- Amidase 
^-Amylase 
Maltase 
Lactase 
Trehalase 
Tannase 
Catalase 
Proteinase 
Polypeptidase 

Dipeptidase 


‘^'"spergiUns niger 

Rennin 
Lipase 
Amidase 
Ccllulase 
Glucose oxidase 
Glucose dehydrogenase 
Zymase ” (trace) 
Urease 
Inulase 
Melibiase 



Thermometer Wells 


402 THE PRODUCTION OF ENZYMES USING MICROORGANISMS 




Thermometer 


Section 



Fig. 41. Cabinet incubator 


TABLE XLVI 


Variations in the Quantity of Diastase and Protease 

Produced by a Number of Molds (1 ) 


Name of Mold 


Penicillium roqueforti Thom 
Ji.spcvqilly'S pcLTo-siticV/S Spearo 

A-SpGTgillus tcLTndvii Kita 

AspGTgillus effusus type 
Aspergillus oryzae (Ahlb) Cohn 

A svevnillus flavus Link 


Aspergillus ochraceous 
Aspergillus ochraceous 


Culture 

No. 

18 

3509 

4235.X.I. 

APb 

113 

108 

A05b 

AOK 


Diastase 

Value 

15 

25 

21 

13 

100 

25 

305 

40 


Protease 

Value 

6 

130 

112 

260 

8 * 

56 

208 

200 


^ Sofore Bporing. 
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enzymes. It is interesting to note that peroxidase is not present 
in molds. 

For the production of diastase the mold Aspergillus oryzae is most 
often employed. This organism plays an important role in the national 
economy of oriental countries. There, many foods and a number of 

beverages require the use of this mold. A. oryzae is to the Orient what 
malt is to the occidental countries. 

Carbon and Nitrogen as Sources. The following substances were 

found to be good carbon sources for A. oryzae: various carbohydrates 

such as polysaccharides, hexoses, pentoses, and trioses, glycerol, eryth- 

ritol, adonitol, mannitol, sorbitol, dulcitol, styracitol, quercitol, ethyl 

alcohol, succinic acid, azelaic acid, sebacic acid, pyroracemic acid, lactic 

acid, malic acid, citric acid, tartaric acid, gluconic acid, saccharic acid 

mucic acid, quinic acid, salicylic acid, gallic acid, kojic acid, glycine, 

i-alanine, Z-serine, Z-valine, Z-leucine, i-isoleucine, i-aspartic acid, Z-glu- 

tamic acid, Z-phenylalanine, i-proline, i-histidine, i-tryptophane, and 
t-arginine (12). 

Aspergillus is able to utilize 127 different inorganic and organic sub- 
stances as nitrogen sources, ranging from ammonium salts and nitrates 
to purines and pyrimidines. Some organic compounds function simul- 
taneously as the nitrogen and the carbon source (hippuric acid uric 
acid, and a variety of amino acids) (12). 

The molds require small quantities of inorganic salts for growth. 
Most of them thrive well on Czapek's solution. See Table XLVII. 




Czapek's Solution Agar ( 15 ) 
(Modification not affecting AspergilU and most molds) 


Water 
Sodium nitrate 

Potassium phosphate (K 2 HPO 4 ) 

Magnesium sulfate 

Potassium chloride 

Ferrous sulfate 

Sucrose 

Agar-agar 


1000 

2.0 

1.0 

0.5 

0.5 


cc. 

grams 
gram 
gram 
gram 

0.01 gram or trace 

30.0 grams 

15.0 grams 


frames provild^wr falLTotto wL” uata’'" Tta tiTmly bfot ' 
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tained from top to bottom. The trays are placed on racks one above 
the other and 2 inches apart. The temperature of the room should be 
at about 30° C. at first. This temperature may be attained by opening 
steam jets into the space, which also keeps the room moi.t._ A 
about 18 hours the mold multiplies and there is a gradual rise m^ m- 
nerature in the room. Now the steam is turned oft gradually. After 
24 hours, growth is so vigorous thut the room must bo “ 

trosh cool-air draft. The room mt.t bo morst U^tmupo 
in the room may rise as high as 42 C. inis is uut 

is Lded occasiLally to the cultures. Optimum 

tween 30° and 35° C. The room should be kept at this hm . 

romnlete after 30 to 60 hours. /• xi • u v 

For the production of other enaymes see the first part of this boo . 

Plant-Scale Production of Moldy Bran in Shallow Trays 

Apparently, the rotating P-t^rdtgto UrUo^ a'nl 

large-scale production of moldy bra ,,,3 Mold 

Bran Co. at Eagle Grove, Iowa, 
produced, in 1946, 10 tons of 
moldy bran per day, employing 
shallow trays. Wheat bran is 
mixed with dilute hydrochloric 
acid, and the mixture is heated for 
30 minutes at 100° C. by direct 
steam injection while being con 
tinuously agitated. The mixture 
is cooled to 32° C. by a stream of 
air, and spores of Aspergillus ory- 
zae are mixed with the bran. The 
mixture now contains about 50 per 
cent water, has been sterilized, and 
has a pH of 3.5. The inoculated 
bran is spread out on swinging 

trays in an incubator room. Hu- 

midified air at controlled ‘tL 

until maximum growth takes p ^ , moisture 

r„t:: S? 

Sws the protcZtl’’rld;\r:n at Mold Bran Co. At that gram 



Fig 42. Flow diagram for production 
of moldy bran (a culture of Aspergillus 
onjzae on wheat bran) at Eagle Giove, 

Iowa. 
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alcohol plant, it was found that the use of 2000 pounds of moldy bran 
per day instead of 7200 pounds of malt in plant yeast culture mashes 
resulted in better and more vigorous cultures and in considerable time- 
saving. Four pounds of moldy bran per 100 pounds of grain in the 
mash resulted in the same saccharification as 10 pounds of barley malt 
usually employed. Yields of alcohol were about 2 per cent higher. 
Saccharification and fermentation in the 150,000-gallon fermentei's 
in the alcohol plant was completed in about 36 hours with mokl bran 
as against 48 hours with barley malt (16-18). 

Moldy Bran Supplement to Poultry Feeds. Hasting.s (19) reported 
a net gain of 6 ounces and a saving of 0.5 pound of feed j)er ])ound of 
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Fig. 43. Mold amylase liquor flow sheet. Northern Regional Research Laboratory. 

chicken with 2.5 per cent moldy bran added to high-fiber mash No 
advantage was observed by employing 2.5 per cent moldy bran with 
a low-fiber mash, or a high-fiber mash with 1 per cent moldy bran. It 
IS su^ggested that the moldy bran contains fiber-splitting enzymes which 
enable the chicken to utilize some nutrients from the fiber. It is well 

Sid and 


Production of Mold Amylase by Submerged Culture 

The strain Aspergillus niger of the Northern Ro,»; i t> 
Laboratory No. NRRL 337, when grown on thin 5 Research 
appreciable quantities of amylase useful in th^ produces 

mashes. LeMense and associates (20) propagated 
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continuous aeration and agitation using a medium composed of thin 
stillage, 1 per cent corn meal, and 0.5 per cent calcium carbonate. 
Amylase formation was complete in approximately 60 hours. The 
enzyme solution so obtained was then used to saccharify grain mashes 
which had been cooked under pressure and cooled to 59-60° C. The 
alcohol yields were comparable to those obtained with malt when 
mold-culture liquor equivalent to 6 to 10 per cent of the final mash 
volume was employed. As many as five consecutive fermentations 
were conducted satisfactorily with the stillage from the preceding fer- 
mentation as the medium on which to grow the mold. The price of 
this amylase is said to be considerably less than that of malt. Figure 
43 is a diagram for the production of mold amylase by submerged 

culture. 

Soluble Mold Enzymes 

Dry soluble mold enzymes may be obtained by percolating the 
moldy bran with water and by adding alcohol to the aqueous extract 
to obtain an alcohol concentration of 70 per cent. The alcohol pre- 
cipitate is dried in vncuo at 30° C. or in a blast of warm air. The 

alcohol precipitate contains 15 per cent ash. 

For the preservation of the mold extracts chloroform, toluene, phenol, 
thymol, or sodium flouridc may be used. A 20 per cent sodium chloride 

concentration is also satisfactory (21). 
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ENZYMES FOR MEDICINAL USE 

A number of enzymes have been used therapeutically for many years. 
Some work, however, has not progressed beyond the experimental 
phase as yet. 

Emmerich and associates (1) suggested as early as 1902 that bacterial 
enzymes be used clinically. These investigators found that filtrates 
of Bacillus pyocijaenus digested staphylococci and Bacillus diphtheriae 
in vitro and had favorably affected experimental anthrax infections in 
animals. They thought that the enzyme nuclease was the active 

principle. 

In 1931 Avery and Dubos (2) showed that certain bacterial enzymes 
were capable of decapsulating type 3 pneumococci both in vitro and in 
vivo. These enzymes (polysaccharidases) were found to be neither 
bacteriolytic nor bactericidal. They decompose the capsular matter 
of the pneumococci by hydrolysis, thereby exposing the bacteria to the 
action of the cells of the infected host (3). The bacterial enzymes 
protected mice against very large lethal doses of type 3 infection. 
Tyrosinase and amine oxidase preparations had been found to lower 

blood pressure. 

Some enzymes, however, are very toxic. Intravenous injections of 
urease into animals, for instance, results in death from ammonia poison- 
ing within a few minutes. A tolerance is acquired by the animals, 
however, if quantities below the lethal dose arc injected first (4). 

Therapeutic Use of Proteolytic Enzymes 

Enzyme preparations such as pancrcatin, pepsin, papain, bromelin, 
malt diastase, and mold enzymes have been successfully used in diges- 
tive diseases and other disorders for many years (5-7). (See also 
Chapter I.) In China Aspcrgilli koji has been employed for gen- 
erations for the treatment of gastric disturbances. In 1912 Wohlge- 
muth (8) tested the tryptic action of taka-diastase and found that 1 
gram of it equaled 100 co. of human pancreatic juice. Owing to its 
high proteolytic power he recommended it in gastrointestinal defi- 
ciencies. Beazell (9) has reported that the amylase of taka-diastase 

was very effective in salivary deficiencies. 
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Nemetz (10) reported favorable clinical results with a new enzyme 
product marketed by “ Norgine A. G. Prague ” under the trade name 
Enzypan. This product contains an outer shell that dissolves in the 
stomach, releasing gastric enzymes, while the pancreatic enzymes tryp- 
sin, lipase, and amylase are incorporated in the inner shell of the tablet, 
which releases its content into the duodenum. 

Kaufmann (11) stated that the most important factors in enzyme 
therapy of gastrointestinal disturbances are adequate enzyme activity 
of the preparation, the dosage, and, in pancreatic preparations, sufficient 
acid protection of the trypsin. He tested ten German products, and 
only Enzypan filled these requirements adequately, from both the 
chemical and the clinical points of view. 

Beguet (12) reported that he treated 522 cases of enteritis success- 
fully with lactic enzyme cultures. Similar results were reported by 
Zanca (13) on 30 cases of gastric enteritis. 


Enzymes and Experimental Pancreatic Achylia. Beazell, Schmidt, 
and Ivy (14) produced absolute pancreatic achylia by separating the 
pancreas from the duodenum in six dogs. The dogs were fed a high- 
starch diet (62 per cent). The experimental achylia resulted in 18 to 
39 per cent of starch excretion in the dogs’ feces. Administration of 
diastatic enzymes in large amounts showed a very definite reduction 
m starch loss. The vegetable diastases taka-diastase, malt diastase, 
and Ovaltine were more effective than pancreatin, probably owing to 
the pancreatin’s being more sensitive to the gastric acidity than the 
vegetable enzymes. Enteric coating improved the pancreatin, which 
was then as effective as the vegetable enzymes. Some of the enzvme 
activity however, was^ lost because of the coating. The doses given 
were: 25 grams taka-diastase; 25 grams malt extract; 50 grams Oval- 
tine; 25 grams pancreatin; 25 grams enteric-coated pancreatin. 

Schmidt and associates (15) found, in experiments using seven dogs 

with pancreatic achylia that 25 grams per day of pancreatin (two times 

U.S.P. potency) in the form of enteric-coated tablets was very effective 
in reducing nitrogen and fat loss in the dogs’ feces 

Treatment of Achylia Panc'reatica with Pancreatin. Beazell 
Schmidt, and Ivy (16) studied each of four cases of achylia pancreatica 
with pancreatin as the therapeutic agent. Diagnosis was established 

an eZs7of fitted Pancreatic enzymes in the duodenal drainage, 

of fat and nitrogen when enzyme therapy was applied. ^ 

The enzyme therapy (oral administration of pancreatin! ^ 

the fat content in the feces by an’ average of 63 3 per contend t he T 
gen content by an average of 62 per cL. Z “solw 
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ported that: “ Two of the patients M’ho had been reduced to a state 
of semi-invalidisin by loss of weight and inanition were able to resume 
their normal activities within a few weeks after treatment was in- 
stituted. The response of the other two patents was equally satisfac- 
tory but less dramatic, because the initial symptoms were less severe.” 

The pancreatin used by these investigators was somewhat better than 
the usual commercial U.S.P. products. The dose w'as 24 grams of 
pancreatin per day in the form of enteric-coated tablets. Their obser- 
vation that, of eight pancreatin products purchased at local drug 
stores (in Illinois), twm were inactive is important from the standpoint 

of enzyme technology. . 

Similar obscrvatir)ns concerning pepsin had been made m Germany 

by Dultz (17). He reported that commercial pepsin preparations 
became completely inactive because of their acid or alkali content. 

In this connection it should be noted that there exists an incompati- 
bility between enzymes. Stratton (18) described an elixir with di- 
gestive properties which contained the enzymes of pepsin, rcnnin, and 
papain together in solution. It is well known, however, that these 
cnzynics digest each other, the destructive agent being that enzyme 
which happens to be most active at the pH of the solution. The pres- 
ence of rennin in this preparation is superfluous, since pepsin itse 

possesses considerable milk-clotting pow'cr 

Treatment of Sloughing Wounds with Proteolytic Enzyines. 

Ammon (19) reported that pancreatin in ointment form has a healing 
action on wounds, said to be effected by the digestion of matter inter- 
foring with the healing iwocess. The following conditions were treated 
Kucei^ssfully: decubital necrosis, furuncles, carbuncles, rin^voim, 
paiviris superficial suppurative skin diseases, scars, lupus erytherma- 
(,sis certain types of ulcerations, and lupus vulgaris. Torantil, an 
enzyme preparation from the mucous membrane of the 

an ^ivadr. tL papain cflcctod tho therapeutic 
results It digested only dead tissue, and hastened hea mg as a result 
!,fThi» action. In concentrated solution it had some hactcnc.dal act.on 

to'ctaCT^tho results obtained in 58 cases had been 

S aveiago numr ot applicat Js necessary .as 2.34. With some 
foul-smelling wounds the effect was dramatic. 
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Treatment of Scleroderma and Sclerodactylia with Enzymes. 
Robinson (21) recommends the treatment of these diseases with pan- 
creatic enzymes given before each meal in tablet form. Instead of 
tablets, 100 to 200 grams of raw pancreas per day may be given. The 
pancreatic enzymes may be supplemented by “ gastric-duodenal ” 
enzyme tablets. Months to years of continuous treatment with these 
enzymes are required for beneficial results in scleroderma. 


Therapeutic Use of Tyrosinase 

Destruction by Tyrosinase of the Toxicants of Poison Ivy and 

Other Plants. Poison ivy is found in nearly all parts of the United 

States and Canada. This plant produces skin irritation, which, if 

neglected, may become so serious that hospitalization is necessary. 

Similar toxic reactions are produced by poison oak and poison sumac, 

and, in Japan, China, Yunnan, Formosa, and Indo-China, by various 

members of the lac tree family. It has been found that these poisons 

are phenols or catechols having long hydrocarbon side chains attached 

to the ring structure. Sizer and Prokesch (22) found that purified 

mushroom tyrosinase oxidizes the toxic principles of many different 

commercial poison ivy concentrates as well as extracts from poison oak, 

Japanese lac, and liquid from the shell of the cashew nut. The enzyme 

had similar action on the purified toxicants. The oxidation of these 

poisons by tyrosinase was followed by an appreciable decrease in the 

dermatitis-producing properties, as shown by patch tests on human and 

guinea-pig skin. The enzyme was effective a few hours after the 

toxicants penetrated into the skin. The authors recommend the use of 

tyrosinase in the treatment of poison-ivy dermatitis in its early stages 

Blood-Pressure-Lowering Action of Tyrosinase.” Schroeder 

and Adams (23) studied the effect of tyrosinase of the common mush- 

room, Psalhota campestris, prepared according to Ludwig and Nelson 

(24) , on arterial hypertension, using rats and dogs made hypertensive 
by various methods. ^ 

They that the intravenous injection of tyrosinase consistently 
lowered the blood pressure of the hypertensive animals, but on the 

hypertensive dogs was not affected by the treatment with tyrosim^ 
In mt,o remn, angiotonin, Victor's pressor substance, adrenalirZ' 
t:^amme were inactivated by tyrosinase ; this alters their actTon ™ 

'hanged by the tyrosin^ 

Schroeder (25) has extended these studies to human hypertrsion 
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Sc^•cntecn patients suffering from arterial hypertension were treated 
daily with subcutaneous injections of tyrosinase for 3 to 4 weeks. In 
most patients the blood pressure fell considerably, and symptoms, 
when present, were relieved. The kidneys’ ability to concentrate urine 
was unchangeil. When injections of tyrosinase were discontinued for 
3 to (5 days, the blood pressure returned to its original level. “ Sympto- 
matic imiu'ovements, as well as the improvement in the ocular fundi, 

lasted for several weeks or months.” 

Sometimes a moderate degree of pyrexia occurred after the injection. 
One patient receiveil a small amount of tyrosinase intravenously. A 
severe reaction, with nausea, vomiting, signs of increased peristalsis, 
fall of blood pressure, and bradycardia resulted. The blood pressure 
was low for 24 hours after the injection. Large doses of the enzyme 

were reipiired when given subcutaneously. 

Prinzmetal and associates (26) showed that heat-inactivated mush- 
room tyrosinase preparations can produce considerable lowering of 
blood in-essure and remission of other symptoms of arterial hypei’t^'n- 
sion in man. These effects were as marked as those described by 
Schroeder, who used active tyrosinase preparations. Thus it is obvious 
that the effects produced by mushroom prejiarations upon symptoms of 

arterial hyiierteiision arc of non-cnzymic nature. 

8chroe(ier (27) also reinirted that a pre]iaration of hog-liver amine 
oxidase consistently lowered the blood pressure of hypertensive rats 
and dogs when injected intravenously. Rocha c Silva (28) found that 
trypsin injected intravenously into dogs leads to a marked drop m 
blood pressure. Acconling to Van Goor (29) , carbonic acid anhydrase 
accelerated tissue oxidation and the activity of the frog heart. Inacti- 
vat(;d enzymes were not used as controls in these experiments; thus they 

are of quc.stionablc value. _ 

Angiotonin and Its Enzyme System. Renal hypertension is be- 
lieved to Ix' brought about by a change in a vasopressor system which 
lias its origin in the kidneys. Renin, an enzyme liberated from the 
kidneys, reacts with a globulin fraction from the blood (renin activa- 
tor) producing a pressor substance, angiotonin. Neither renin nor the 
blood globulins show pressor activity. Angiotonin, however, is physi- 
ologically very active. It can be inactivated by angiotonasc (hyper- 
tenninase), an onzyme present in the kidneys and other tissues, A 
disturbance in the balance of this system may produce liypo- or hyper- 
tension (30,31). f 1 m 

Croxathi (32) examined the hypertensinase activity of kidney 

l-amino acid oxidase and that of the venom of the South American 
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snake BothroTps neuwidii. He concludes tliat the liypertensinase action 
of the oxidase is due to some other enzyme imj)urity, and that the simi- 
lar activity of the snake venom is probably due to a proteolytic enzyme. 
This author showed earlier that hypertensin (angiotoniiij is hydrolyzed 
by aminopolypeptidase. 


“Therapeutic Value” of Histaminase 

Clinically histaminase has been recommended for a great variety of 
diseases: allergies, asthma, vasomotor rhinitis, urticaria, skin disorders, 
serum sickness, etc. (33). Serious doubt, however, has been cast con- 
cerning the oral therapeutic use of histaminase. Zeller and Schar i34 l 
stated that histaminase administered by mouth is destroyed bv 0.05 A’ 
hydrochloric acid, pepsin, and trypsin and tliat therapeutic results 
obtained with histaminase preparations given by mouth cannot be 
attributed to histaminase. In view of this statement it should be noted 
that a number of clinical studies have appeared which show that the 
oral administration of histaminase has brought marked relief to a 
great number of patients in various disorders (35-39). These bene- 
ficial results may have been brought about by some other substance 
and not by histaminase. 

Lemley and Laskowski (40) found that the injection of hi.staminase 

protected at least one-third of the guinea pigs which simultaneously 

received one-and-one-half times the lethal dose of histamine. They 

conclude, however, that histaminase at the present state of purity is 

highly toxic, and the dose cannot be increased to the level that will give 
safe protection. 

The earlier statement by Atkinson, Ivy, and Bass (41) should 
also be quoted: “ Therapeutic studies of histaminase action to date 
are characterized by a failure to use inactivated histaminase as a con- 
trol. Such a control would seem to be essential, particularly in view 
of the fact that all preparations of histaminase are very impure.” 


The Use of Cholinesterase in Shock 

According to Schachter (42), dogs having hemorrhagic shock 
responded well to beef plasma, administered in appropriate volumes, 
by recovering from the shock. Dogs in traumatic shock w^ere benefited 
by plasma only temporarily. This investigator found that, when dogs 
in traumatic shock were given intravenous injections of cholinesterase. 
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the blood pressure usually returned to normal and remained there for 
the duration of the experiment. 

Antidiabetic Action of Artichoke Oxidase 

Risi (43) described the preparation of an oxidase from the leaves of 
the artichoke {Cynara scohjmus). It had antidiabetic action. Good 
results (clinical and laboratory) were obtained with 105 patients hav- 
ing mild and severe diabetes. Large doses of extract in glycerol solu- 
tion were well tolerated. 

Enteric Coatings of Medicaments 

Medicaments Coated with a Water-Insoluble Polymerization 
Product. Hagedorn, Bockmuhl, and Gorr (44) reported that enzyme 
preparation may be coated with a water-insoluble organic polymeriza- 
tion product containing acid groups; for examiile, 100 grams of a 
polymer obtained from a mixture of acrylic acid butyl ester (90 parts) 
and styrene (10 parts) is swelled in 2 liters of acetone and 200 cc. of 
methyl alcohol, and the mixture is heated for 45 minutes at 50° C. with 
0.5 liter of 2 Af potassium hydroxide in methyl alcohol. The ester 
group is saponified, and the salt precipitate is dissolved in water. The 
salt is converted with diluted acetic acid into free acid. A solution of 
the acid in acetone may then be used to form a film which is insoluble 
in water but soluble in a weakly alkaline medium. The coating mate- 
rial is capable of passing the stomach unaffected and dissolving in the 

intestine. . ■■ r 

Medicaments Coated with Cellulose Derivatives. This coating for 

the medicaments is composed of a derivative of cellulose which contains 
free carboxyl groups. They may be mixed esters or ethers. To make 
these cellulose derivatives, cellulose or a cellulose derivative containing 
free and available OH groups is caused to react with a polycarboYlic 
acylating agent, such as an anhydride of a polycarboxyhc acid or 
phthalic, succinic, diglycolic, and maleic anhydrides. Cellulose deriv- 
atives, which may be used to react with these, are cellulose acetate, 
propionate, butyrate, and ethers such as ethyl, butyl, and benzyl (45). 

Hodge and associates (46) conducted clinical tests of cellulose ace- 
tate phthalatc as an enteric coating. They observed that tablets and 
capsules coated with this substance possessed satisfactory enteric chai- 

actcristics. In 79 to 100 per cent of trials in human subjects, disin- 
tegration occurred in the intestine sometime in the 8 hours after 

ingestion. 
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Surgical Catgut and Enzymes 


The technical aspects of the preparation of surgical catgut have been 

Bulloch, Lampitt, and Bushill (47) 

Their book con- 


discussed by a number of authors, 
have published an excellent treatise on the subject, 
tains 440 references, most of which concern catgut. 

Surgical catgut is made from sheep’s intestines. The methods of 
manufacture vary somewhat from plant to plant. Catgut is composed 
of collagen. It is closely associated with enzymes from the time the 
raw material leaves the packing house until the finished catgut has 
served its purpose in the human body. It is indeed an interesting 
object of practical enzymology. In the United States the sheep’s 
intestines destined to be made into catgut are called “ green gut.” In 
England they are known as “ runners.” Although much scientific work 
has been conducted over a period of years, the present methods of 
catgut manufacture are still being improved. 

Basic Principles in Catgut Making. Bulloch and associates state, 

To prevent rapid putrefaction and softening [of green gut] which is 

very liable to set in as a result of enzyme action or bacterial growth 

the runners are either salted or frozen.” Prevention of autolysis and 

bacterial decomposition, resulting from the hydrolysis of the intestinal 
collagen, is obviously important. 

Sheep’s intestines are also used in tennis rackets, sausage skins and 

musical instruments. Although the basic principles of manufacture 

are the same for these products as for surgical catgut, surgical catgut 

making requires extreme cleanliness. For all purposes the mucosa and 
the circular muscular coat have to be removed. 

The green guts are thoroughly washed in water. Then they are split 
into two or three pieces (ribbons) , depending on the construction of the 
splitting mechanism (a small piece of razor blade attached at the 
proper angle to a razor) . The cut ribbons are then washed in water 
and are scraped by machines or by hand. The purpose of scraping is 
remove the mucosa and the muscular wall from the catgut ribbo^ns 
When the cat^t scraping is finished, only the tunica submucosa re- 
mains, and this constitutes the finished catgut ribbon. During and 

le. hre snirrir " '”*■ 

tension, polished, cut in the required length, and sterilised GooZn- 
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silc str€ngth, prop6r digestion time, and absolute sterility are the most 

desired characteristics of an acceptable product. 

Various grades of surgical catgut are sold. It is classified accord- 
ing to its digestion time or its resistance to absorption. To lengthen 
its^ digestion time surgical catgut is subjected to hardening processes 
similar in many respects to the tanning of skins in the manufacture of 


leather. 

Attempts have been made in Germany to produce a synthetic, ab- 
sorbable suture from polyvinyl alcohol. This product, however, could 
not be obtained in a suitable quality, according to the German medical 
literature (48, 49). However, in the United States enzyme-resistant 
(non-absorbable) sutures are being manufactured from synthetic fibers 

such as nylon and vinyon. 

Determination of Digestion Time in Vitro. Serious attention has 
been given to the study of the digestion time of catgut in vitro. It is 
obvious that too rapid absorption of catgut in vivo may cause serious 
complications. On the other hand complete absorption within the 

proper time is desirable. 

Kraissl (50) developed a simple and useful method for the determina- 
tion of catgut digestion time in vitro. This procedure may readily be 
carried out in any laboratory. Ten centimeters of catgut is sub- 
jected to a solution of 2 per cent (Difeo) trypsin m a buffer of pH 
(94.5 cc. of M/15 NaaHPOi and 5.5 cc. M/15 KH2PO4). The ap- 
paratus (Fig. 44) employed in the test consists of centrifuge tubes with 
hooks fused in their lower ends. Ten-centimeter samples of catgut are 
measured on the tubes. The beam is balanced on a fnctionless km e 
edge and the clips are counterbalanced by the switch trip. The 
switches are of mercury and therefore free of friction. The clips are 
connected to switches and electric (24-hour) clocks. The apparatus is 
kept at 37.5° C. in an incubator. When the catgut is digested the cir- 
cuit is broken and the time is automatically recorded. The addition of 
2 cc. of a 1:1000 solution of mcrthiolate per 10 cc. of trypsin solution 
eliminates bacterial growth, and the placing of 2 cc. of sterile a 0 ene 
on top of the enzyme solution prevents evaporation. See also reier- 


^^This method is more accurate than that employed when animals were 

used to determine the digestion time of catgut. 

Absorption of Catgut in Human Beings. Wolff and Priestley (5 ) 

of the Mayo Clinic studied the absorption of catgut in 164 surgical 

cases. They tested 358 strands of catgut and found that small sizes 

of catgut lasted as long as or longer than large sizes. These authors 

stated that “ Labels which indicate the length of time necessary for 

absorption of catgut are entirely fallacious in so far as the human being 
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is concerned.” They found that drainage and suppurating wounds did 
not accelerate absorption of catgut, that absorption of catgut varied 
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Digestion apparatus for testing surgical catgut 


Xrs® of catgut lasted longer than 
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CHAPTER XXIV 


THE ROLE OF AMYLASES AND PROTEINASES IN 
BREAD MAKING AND THE PRODUCTION 

OF MALT SYRUP 


AMYLASES AND PROTEINASES IN BREAD MAKING 


Fermentation in dough is brought about by the action of the enzymes 
of flour and those of yeast on the carbohydrates and proteins in dough. 
Flour contains diastases (mainly /3-amylase) and a fairly potent 
•papainase; yeast furnishes the fermentation enzymes. The effect on 
dough of the flour proteinase and of the added a-amylase may be con- 
siderable. The main changes under proper proportions of water, salt, 
sugar, and flour are the formation of the lea'vening gas carbon dioxide, 
alcohol, some organic acids, and flavoring compounds (1). Saccharo- 
genic activity is influenced by the degree of digestibility of the starch 
and by the enzyme content. Often the diastase content is inade- 
quate to supply the yeast with sugar for normal fermentation. The 
metabolic state of the yeast employed is also important. This subject 

has been reviewed by Landis and Frey (1), who also give an extensive 
bibliography. 


Flour contains a considerable amount of j0-amylase but little or no 
a-amylase, and the amount of fermentable sugars in dough is inade- 
quate for the best baking results. To correct this, baking aids, such 
as malt extracts containing diastases and maltose, are added to the 
flour. Usually 20 to 40 grams of the diastatic baking aid is added 

tw H h f , V”' that produces 

the desired beneficial effect on the dough. 

Flour contains 72 to 75 per cent starch, 11 to 13 per cent protein 
and 0.4 to 0.7 Per cent ash. Flour proteins readily swell when mixed 
w^h water and they clot when acted upon by proteolytic enzymes 
Owing to Its constituents, flour when mixed with water forms a char- 
acteristic VISCOUS material called dough. Flour, although it is a dead 
substance, undergoes a constant desirable oxidation during storage 

agentc are aaid he based on 
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The following characteristics of flour, as summarized by Blish (2), 
are imi)ortant in judging quality of flour. For specifications of baking 
pi'operties, characteristics of flour are expressed in terms of dough 
behaviur in the bake shop. The following terms are used: strength, 
stability, fermentation tolerance, tolerance for mechanical treatment, 
and tolerance for oxidizing (artificial maturing) agents. Strength is 
the cai)acity for making a large, bold-looking loai, and is governed 
by the ])r()tein content. Stability is resistance to slackening or sticki- 
ness during fermentation. Fermentation tolerance means the extent 
of the fermentation time-range over which good bread can be made; it 
i.s a function of the diastatic or “ gassing ” power of the flour. Toler- 
ance to mechanical treatment, largely a vaiietal chai actciistic, indi- 
(•ate.s comiiarative resistance or response to the oiierations of mixing, 
molding, etc. By tolerance to oxiilizing agents is meant the response 
or tolerance to certain chemical maturing agents used by the miller 
(in bleaching) and by the baker (in “ yeast foods ”). This is a very 
important property, and the difference in responses shown by dilTerent 
flours necessitates careful control in the use of oxidizing agents if 

uniformity of baking behavior is desired. 

'I'lic (/unliti/ of bread may be determined by its volume, its water 

content, the naturi' of its crust, and its keejung quality. 

Thus, the making of good bread is influenced by many factors. In 
this chapter, only those connected with enzymes will be discussed, 
however. For the discussion of bread technology, see references 3-6. 


THE ROLE OF PROTEINASE 

The presence of a proteolytic ('iizyme in flour was observed by Bal- 
land (7) as lairly as 1884. More iTci'iilly, several authors have studied 
the proteinases and otlu'r enzymes of flour. Balls and Hale (8) and 
Jorgensen (9) simultaneously and independently showed that the wheat 
proteinase is a i)ai)ainlike enzyme, being activated by reduced gluta- 
thione and inactivated by oxidizing agemts and by the usual bread 
iniprovi-rs Bract ically all authors agree that flour contains a iiowerful 
p,otease, becoming fully active on the addition of reducing agents 
like cysteine, ascorbic acid, and other papain activators. The pro- 
teinases have an undesirable clot-]iroducing action on flour proteins 
(1011), and their inactivation is important in bread making. Owing 
to the (ixidation of natural activators and probably the sulfhydryl 
irroup of tlie proteinase, the oxidizing agents used for bleaching flour 
eliminate the action of the proteinases; hence the improvement in the 

appearance of bread. 
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Aging of flour to improve its quality has been practiced for many 
years. It has been shown that aging of flour greatly reduces protease 
activity (3). 

The Effect of Activating and Inactivating Agents on Wheat Pro- 


teinase. Balls and Hale (8) published some very convincing baking 
experiments which dealt with the effect on wheat proteinase of added 
activating and inactivating agents in bread dough. Figure 45 shows 
the marked effect of added potassium persulfate, an oxidizing inhibitor, 
and of glutathione, an activator of wheat proteinase. In experiments 







Control 


50 mg. 
potassium 
persulfate 


50 mg. 
papain 


50 mg. 
glutathione 


Fig. 45. One-pound loaves of bread containing the additions shown. 


with papain and glutathione, the increase in proteinase activity caused 
an almost complete liquefaction of the dough and no rising of the loaf. 
Oxidizing agents had the opposite effect. 

'Morine, or continued storage, completely 

th >■ cannot be activated at this stage If 

the oxidation is mild, however, the reaction is reversible (10) 

Potassium bromate inactivates the proteinase of wheat flour just 

as It does papain bromelin, and cathepsin. According to Jorglnsen 

(9) , ascorbic acid, an inhibitor of papain-type enzymes is a Zd 

improver of the baking strength of wheat flour. Since yeast is one 

of the best sources of reduced glutathione, Jorgensen (12) used yeast 

water to make the dough. In another experiment he employed pure 


I 
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glutathione. The loaves prepared with glutathione (or yeast water) 
and tap water showed striking differences. The loaves containing 
glutathione had had crumb anti small volume, and they exhibited a 

general weakening effect on the gluten. 

Harries and .Johnson (13) found that addition of papain and pepsin 
to dough tlecreased its viscosity. Potassium bromate retarded dis- 
persion in the papain-treated dough. IMelville and Shattock (14) 
confirmed .Jorgensen’s results (15) concerning the bread-improving 
• qualities of ascorbic acid. The New Zealand investigators claim that 
dehytiroascorl)ic acid is more j^otent than ascorbic acid and that this 
form of the vitamin was equivalent to bromate as an improver. Read 
and Haas (16) and several other investigators (17), however, do not 
believe that the flour proteinase has a very important role in bread 

making. 

DIASTATIC BAKING AIDS 


Ifintner, as early as 1890, observed that wheat diastase interacts 
in dough making. Since then, many papers dealing with this problem 
have appeared. The effect of various extracts of flour and germinated 

grain on starch was extensively studied. 

Flour must be able to produce and retain carbon dioxide. There 

are only small amounts of sugars (0.1 to 0.4 per cent calculated as 
sucrose) in flour. These amounts arc insufficient for rapid gassing 
(18). The natural diastases of flour produce an additional and ade- 
quate quantity of sugar. This sugar production, however, is very 
slow. The addition of malt extract or malt flour (contaming a good 
source of diastase) to dough furnishes the yeast at once with available 
maltose, resulting in vigorous and continuous fermentation. Not only 
does fast fermentation result in an enormous saving of tunc, but also the 
resulting bread is superior in volume, texture, and grain (19, 20). Tis- 
sue and Bailey (21) found that a constant rather than a large sugar 
supply is required. According to Rumsey (22), American bakers in 
1922 used 30 million pounds of malt extract valued at 2 Mj million 

^'llarmour and Brockington (23), using a concentration of 0.001 per 
cv.nt potassium bromate together with 0.5 per cent malt extract in 

their baking tests, obtained satisfactory results. , m, « r 

The Effect of Added a- and y8- Amylase on Dough. The effect 

of added diastases, wheat flours, and various commercial malt prepara- 
tions on dough has been extensively studied, and their desired quah- 
™ hi been commercially applied (for review see reference 1). 
These preparations contain both «- and ^-amylase in varying amounts. 
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Blish, Sandstedt, and Kneen (24) showed that tz-amylase is the most 
important agent when malt flour is industrially employed, the /j-aniy- 
las.e being of little effect. Stamberg and Bailey (25) j)ubli.shed some 
highly interesting and valuable investigations on the effect of added 
a- and y8-amylase, respectively, on dough. Instead of using prepara- 
tions containing both enzymes, they prepared ct-amylase by Ohlsson’s 
(25) method of heating germinated wheat extract to 70° C. for 15 
minutes. This destroyed the ;8-amylase. The /?-amylase was pre- 
pared by acidifying an extract of normal wheat witli hvdrocldoiic 
acid to a pH of 3.3, keeping the extract for 15 minutes at 0° C., and 


Fig. 46. 



Interior of bread made with 4 cc. of of- and 0-amylase in douglis with 1, 2 

4 and 6 hours of fermentation. 


then adjusting the pH to 6.0 with secondary sodium phosphate, as 

described by Ohlsson. The a-amylase had high dextrinizing activity 

on soluble starch. The ^-amylase showed no dextrinizing activity but 
had strong saccharifying action. 

The flour was of medium strength; it contained 11 per cent protein. 
It had a diastatic activity of 220 Rumsey units. Each loaf contained • 
100 grams flour; 1 per cent salt; 3 per cent yeast; 62 per cent adsorp- 
tion (including enzyme solution) ; no sugar; no shortening. 

The experiments of Stamberg and Bailey (25) indicate that normal 
flour contains sufficient ^-amylase. The addition of small quantities 

of «-arnylase, however brought about a very marked improvement 

on the loaf volume at the various fermentation times. (See Fig. 46 ) 
00 much a-amylase, not shown in the figure, resulted in slightly more 
loaf volume, but gram and texture were inferior. The authors state 
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that “ overdiastating ” dough might be one of the causes of sogginess 
of the crumb of some commercial bread found in certain markets. 

Sandstcdt, Jolitz, and Blish (27) also state that the improving 
action of added malt on many flours is brought about by the a-amylase 
on the starch. Damage of the starch in milling and hypochlorite 
treatment may be the cause of certain undesirable baking character- 
istics. The hypochlorite damage may be repaired by treatment with 

large amounts of malt. 

Loaves of bread baked from an unbleached, 85 per cent bakers 
patent flour, with a protein content of 12.5 per cent, showed very 
marked improvement with both oxidation and malt a-amylase. Thus 
the destruction of the flour proteinase is not essential to obtain the 
a-amylase response. Sandstedt and associates point out, how ever, that 
all flours do not respond equally to added malt or malt a-amylase. 
See, also, the earlier experiments of Geddes and IMcCalla (28). 

Factors influencing the baking test have been discussed by Blish 
(29), Markley and Bailey (30), Kent-Jones (31), Geddes, Laimour, 
and Mangels (32), Schultz and Landis (33), Landis and Frey (34), 

and others. 

Kneen and Sandstedt (35) wmrn against the use of bacterial amylase 
in baking. Owing to their high heat stability, not only is starch 
breakdown in the oven too extensive, but also some of the amylase 
may remain active throughout the baking period and cause lique- 
faction of the gelajtinized starch after removal of the bread from the 
oven. This type of heat-stable amylases produces undesirable bread- 
crumb characteristics similar to those associated wdth “ ropy bread. 
Mold amylase (of the Aspergillus oryzae type), however, which has a 
thermostability level similar to or lower than that of malt amylase, 
is to be recommended as a baking aid. Mold amylase is an a-amylase. 
Tlie concentrated dry precipitates are water soluble and highly active. 
They may be diluted with fillers, such as starch or wheat flour. All 
authors agree that the Lintner value of a malt is not related to the 
action of malt for flour supplementation. Malts that have a high sac- 
charifying action do not necessarily have a high a-amylase activity. 

Catalase. Catalase activity in flours varies with the regional and 
climatic origin. According to the findings of Blish and Bode (35), 
catalase activity should not be employed for evaluating flour. 


MALTOSE SYRUP PRODUCTION 

General Consideration Concerning Conversion Methods for Syrup 
Production. Kerr and Schink (37) have examined new claims con- 
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cerning improvements for increasing tlie fermentability of starcliy 
mashes by the use of mold enzyme products after preliminary acid 
conversion of starch. These investigators conclude that their 
“ attempts have failed to obtain a more substantial reduction in the 
resistant residues of starch remaining after a preliminary acid con- 
version by the addition of enzyme-containing products which would 
increase either the a- or yg-amylase ratio above that existing in malt 
diastase.” Nor could Kerr and Schink find tliat extensive acid con- 
version would be a more efficient method for increasing the fermenta- 
bility of a syrup above the diastatic conversion of cornstarcli. The 
percentage of nonfermentable dextrins left after the various coin-ersion 


procedures studied appears to be the same. It wa.s also found that, 
by increasing the dextrose equivalent of a maltose syrup from 46 to 
69 per cent, the fermentability of the product was left unchanged. 
This would indicate that dextrose was formed from maltose and not 
from dextrins. Both sugars are fermentable to ethyl alcohol by yeast. 
Whatever the method, it is more desirable to produce syrups of high 
maltose content than of high dextrose content. Syrups that contain 
large amounts of dextrose produced by acid hydrolysis or by mold 
enzymes (maltase and a-amylase converted) are sweeter, but crystal- 
lize readily on standing and are unsuitable for certain uses because 
of the economics of handling (38) . 


Maltose Syrup. Weichherz (39) recommends 
the following method for the preparation of a syrup containing 35 to 
40 per cent maltose: A paste is made by mixing 5000 liters of hot 
water and 500 kilograms of potato, wheat, or manioca starch. The 
mixture is cooled to 70° C. To this is added a malt extract prepared 
by extracting, for 12 hours, 150 kilograms of malt with 450 liters of 
water at 35° C. The mash is kept at 70° C. until the iodineTolor 
has completely disappeared. The pH is adjusted to neutrality with 
sodium bicarbonate or calcium carbonate, the temperature is raised 
and th^e mash is filtered with the aid of a filter press. The proteins 

may be precipitated with tannin. The filtrate is concentrated in 
vacuum to a syrup of 80 per cent solid content. The dextrins may 
be removed from the filtrate by repeated additions of alcohol during 


Baker (41) prepares solid erystalltoe maltose, or a maltose svruo 

weight of starch. The conversion is carried out at 5^ to 5?° P 

a pH of 5.00 for 48 hours. The mixture is then filtered, boiled with 
decolorizing charcoal, again filtered, and evaporated under dTmfnirhed 
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pressure to a syrup containing about 80 per cent solids. The syrup 
can l)e solidified by seeding it with a small amount of crystalline 

maltose. 

INIalt syrup may be prepared with or without diastatic activity, 
dei)ending on the temperature usecl for the concentration of the syrup. 

Kerr and Schink (37) published a fermentation test for the deter- 
mination of fennontal)lo extract in corn syrups. For further details 

concerning maltose syrup sec reicrence 42. 

Uses of Sugar Syrups. Sugar syrups are used as bread and cake 

improvers, and in the manufacture of soft drinks and candy. Tracy 
(43) reported some very remarkable results in connection with the 
replacement of sucrose by enzyme-converted corn syrup in ice-cream 
making. There was an improvement in the body and texture of the 
ice cream, and certain fruit flavors appeared to be accented when 
sucrose was replaced up to 30 per cent. In sherbets and ices, up 
to 50 per cent of the sucrose was successfully replaced with the enzy- 
matically hydrolyzed corn syrup. The resultant products were supe- 
i-ior in appearance and quality as compared with products that con- 
tained all sucrose. 
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CHAPTER XXV 

ENZYMES IN DAIRY PRODUCTS 


THEIR USE IN TESTS FOR EFFECTIVE PASTEURIZATION 

OF MILK AND DAIRY PRODUCTS 


Enzymes and Milk. The inactivation (destruction) of individual 
enzymes of milk has been taken as the basis for tests \^hich indicate 
efficiency of pasteurization. Some milk enzymes, such as aldehyde- 
reductase, catalase, and amylase, vary to a great degree from sample 
to sample and arc often only partly destroyed during pasteurization 

(1-3). 

A pasteurization efficiency test which was based on the gasometric 
estimation of residual catalase was suggested, but it was not adopted 
because of its inaccuracy (4). For instance, catalase is only partly 
destroyed when heated at 90° to 92° C. for 30 minutes; nor is aldehyde- 
reductase completely destroyed at pasteurization temperatures. The 
test was based on the reduction of a methylene blue-formaldehyde 
solution by the enzyme in the milk. For a number of reasons in 
addition to the one mentioned the test had to be abandoned (2). 
.‘similarly, the amylase test, which was based on the starch-iodine re- 
action, and the peroxidase test (5, 6) were also shown to be inadequate 

for the control of effective i)asteurization. 

The role of pasteurization is to destroy completely the pathogenic 
microorganisms which the milk may contain. The test for effective 
pasteurization must be based on the comiiletc inactivation of an enzyme 
somewhat more stable than the most resistant pathogenic microorgan- 
ism (Myco. tuberculosis). The enzyme in such a case is still active, 
if the temperature and heating time arc below the heat inactivation 
of the enzyme. A method based on complete destruction of an enzyme 
is the most reliable, if the addition of raw milk to pasteurized milk can 


be readily detected. , 

A tost based on these principles was the ingeniously selected phos- 

phataH. moth«,l, l)y Kay and Orahan, in 1933 ( 7 ) . This enzyme, called 
phosphomonocsteraBe A, by Follcy and Kay, has an optimum pH of 
9 to 10 and hydrolyzes phosphoric acid esters such as hexosephosphates, 
glycerophosphates, nucleotides, and phenylphosphate. Kay and 
Graham employed Na-) 3 -glyccrophosphato, buffered with glycine, as 

428 
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the substrate. Later, Kay and Graham revised their original mctliod 
using disodium phenylphosphate as the substrate. The new substrate 
furnished greater accuracy than the phosphate test, owing to tlic 
greater sensitivity with which the liberated phenol could be estimated 
by its reaction with Folin-Ciocalteu’s reagent. 

When the test was first applied to determine efficiency of pasteuriza- 
tion, 35 per cent of milk was found to be incorrectly pasteurized. Now 
it is rare to detect an incorrectly pasteurized milk sample (8) . 

The New York City Department of Health, using Scharer’s modifica- 
tion of the phosphatase method, made more than 150,000 tests in t\A'o 
years between 1938 and 1940. A report of a given milk sample can be 
made ready within a few minutes if necessary. One-tenth of 1 per 
cent raw milk or a drop of 1° F. in pasteurization temperature is said 
to be detectable by Scharer’s modification (9) . 

Application of the Phosphatase Test to Sour Cream and Sour- 
Cream Butter. According to Parfitt and Brown (10) testing adequate 
pasteurization of sour cream and sour-cream butter is more difficult 
than testing sweet products. Some of the difficulties arc; the concen- 
tration of the enzyme in the cream; the inactivation of the enzyme, due 
to the age of the product and the temperature of storage; the emulsi- 
fying action of the milk fat; the presence of phenol-producing bacteria; 
the possibility of the presence of phenol in the wash water; the use of 
chlorinated water, and the concentration of the enzyme by the butter- 
making process. In general, according to Parfitt and Brown, the 
phosphatase test is a good tool for controlling the pasteurization of 
cream for butter making and for detecting butter made from inade- 
quately pasteurized cream. Owing to the problems mentioned 

however, the test remains in this instance a tool and not a control 
instrument. 


Wiley, Newman, and Whitehead (11) reported that the phosphatase 
test cannot be employed on butter to detect whether the cream from 
which the butter was made was correctly flash-pasteurized 

reteencif iraS P™" in 

A Test for Distinguishing Human Milk from Cow’s Milk. Human 
milk is bought and distributed for infant feeding by many institutions 
The price paid to mothers for their milk is many times that of an equal 
amount of cow’s milk. Thus, it appears necessary to guard LainJt 
dilution of human milk with cow’s milk. Rodkey and Ball (141 
proposed that_ the xanthine oxidase test be used as an index to deter 
mine the origin of a milk sample. Xanthine oxidase is not present 
n human milk, but there are considerable quantities of the enzyme 
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even in pasteurized cow’s milk thougli not in boiled cow s milk. In 
the test, 2 cc. of milk and 1 cc. of 0.1 M phosphate buffer, pH 7.2, are 
idaccd in the main compartment of a Warburg manometer flask. The 
siilc arm of the flask contains 0.2 cc. of a 0.05 M solution of hypoxan- 
thine dissolved in 0.05 M sodium hydroxide. After temperature 
equilibrium has been established at 37° C., readings arc taken during 
5 minutes, in order to be certain that no oxygen is consumed in the 
absence of the substrate. The substrate is then added, and readings 

are taken every 10 minutes for a total period of Vi’ hour. 

The simpler Thunberg test, using the reduction of methylene blue 

by the oxidase substrate system as the basis, may also be used for 
assaying the enzyme. As little as 10 per cent of admixture of cow’s 

milk with human milk may be detected. 

FLAVOR DEFECTS IN DAIRY PRODUCTS 

The most important flavor defect in dairy products is the so-called 
“ oxidized flavor ” produced by the oxidation of fatty compounds. 
This phenomenon is common to all industries using fats and oils. 
In the dairy industry, great care is taken not to have the products 
come into contact with metals such as copper, or be exposed to sun- 
light; this eliminates great losses due to off-flavors. Ascorbic acid 
inhibits the formation of copper-induced oxidized flavor in milk; and, 
when fresh tomato juice or fresh orange juice is added, the protection 
is greater than might be expected from their ascorbic acid content (15). 
Oat flour, crude sugar, and very small amounts of trypsin and lipase 
act in a similar fashion. Pepsin, however, has no antioxidant prop- 
erties, indicating that trypsin and lipase probably produce the effect 

as a result of their action on fatty substances. . , 

Corbett, Tracy, and Hansen (16) studied a cereal antioxidant which 
preserves butter flavor. These investigators reported that this cereal 
concentrate is effective in retarding flavor development and m improv- 
ing the keeping quality of butter. The cereal antioxidant may be used 
in three ways: in cream, in salt, and on the wrapper. This product 
is manufactured by the Quaker Oats Co., Chicago. 

the role of enzymes in cheese making 

Most of the 600,000,000 pounds of cheese manufactured annually in 
America is made with rennin, or rennet, as the enzyme is called by the 
cheese maker. The enzyme rennin coagulates the casein of the milk, 
thus forming insoluble calcium paracasoinate. (For the properties of 
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rennin and its chemistry sec Part 1 of this book and reference 17.) It 
is the formation and finishing of this curd, based on physical and 
chemical details in processing, that determine the final nature of the 
cheese. The physical appearance is brought about by the temperature 
during curd formation, cooking, ripening, and pressing (18). 


CLASSIFICATION OF CHEESES (17) 


Soft 

Unripened 

Cottage 

Cream 

Neufchatel 

Ripened by molds 
Camembert 
Brie 

Ripened by bacteria 
Limburger 
Liederkranz 


Hard 

Semi-hard 

Ripened by molds 
Gorgonzola 
Roquefort 
Stilton 

Ripened by bacteria 
Brick 
Miinster 
Very hard 
Without gas holes 
Cheddar 
Edam 
Gouda 

With gas holes 
Emmcntaler 
Swiss 
Parmesan 


Chemical Changes in Cheese Ripening (17-19). The following are 

the main chemical changes: 

1. Fermentation of lactose to lactic acid and to small quantities of 
acetic and propionic acids and carbon dioxide. 

2. Proteolysis, 

3. Some lipolysis. 


The enzyme bringing about these reactions originates from the lactic 
acid bacteria employed in the starter and the lactobacilli in the ripen- 
ing of the cheese, the various bacteria carried by the milk, the action 
of microorganisms in the air of the cheese factory, the rennin employed 
to Pro^ce the cmd, and, finally, from the enzymes of the milk itself 
1 able XL VIII shows the enzymes in cheese and their functions (19) 
Starters in Cheese Making. The role of starters in cheese making 
IS to tornish a rapid source of acid. The acid inhibits the growth of 
^desired organisms ; it furnishes a favorable acid pH for rennet action • 
It effects a proper shrinkage of the curd and a subsequent expulsion of 
whey These factors in turn effect the formation of a good body 

m“; ('20; -d promote 
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General Considerations Concerning Curd Formation. The curd as 

formed by the action of rennet is exceedingly elastic and has, under 

proper conditions, great shrinking ability. The coagulum produced 

by acid, however, is gummy and is not elastic. The rennin-produced 

curd precipitates calcium and other insoluble salts, whereas the acid- 

produced curd releases these salts and they are lost in the whey. By 

proper control of the clotting time and temperature, the hardness of 

the curd can be determined. Hard cheeses contain only 30 to 40 per 

cent moisture, and their keeping quality is much greater. Soft cheeses, 

owing to their high moisture content (up to 75 per cent), do not keep 
for long. 

The following example will illustrate how the action of rennet deter- 
mines the physical appearance of certain cheeses. For the production 
of hard cheeses the amount of rennin used is such that curdling should 
take place within 25 to 45 minutes. Then the curd is cut, and after 
separation of the whey the curd is heated to varying temperatures 
depending on the type of cheese desired. 


When soft cheeses are to be obtained the temperature of milk is 
kept below 30° C. and only small quantities of rennin are employed 
in order to delay curd formation. The clotting time then varies from 
1 to 2 hours or even longer. The elasticity of the curd increases in 
proportion with the increase in the temperature up to 41° C. (21). 

Low calcium content of milk may cause undue delay in curd forma- 
tion. This may be obviated by the addition of small amounts of 
calcium chloride to the milk. 

Babel and Hammer (22) state that certain strains of propionic acid 

organisms (genus Propionibacterium) , when added to pasteurized milk 

are very beneficial for the development of the desired sweet flavor when 

ripening Swiss-type cheese. Added calcium propionate also produces 
the typical flavor of Swiss-type cheese. 

J. J? * Process. For Cheddar cheese the most favorable tern- 

is 4° C. To speed up ripening, temperatures at 

r ? Jfi however. The finished product is then stored 

at slightly above freezing. A highly dehydrated coagulum does not 
ripen well, since a proper amount of moisture is necessary for the 
growth of microorganisms (23). Rennin continues to act on casein 
and paracasein Rennin has been shown to be present in a number of 
cheeses which have ripened for many months. No rennin was found 

it ^ temperature employed inactivates 


Ripening as Influenced by Various Added Enzymes. Accordincr 
oan and Freeman (25), addition of supplementary amounts of reMin 
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hastened the rijicning of cheddur cheese. A mixture of pepsin and 
rennin produced similar results. A marked degree of rii)cning was 
ohtained when small amounts of trypsin were employed. 

Camembert-Brie Type of Cheeses. The Camembert-Brie type of 
cheeses which originated in the northern part ol France owes its texture 
to the proteolytic actixdty of Fcnicilliiitn ccuiionbcrtt. These cheeses 
arc j)rei)ared as thin cakes, about IVi to IVa inches in thickness and 
varying in diameters. The li’csh curd is salted on the suriacc and 
inoculated with the mold or placed in a room in which the spores of the 
mold are abundant. In about a week the entire surface becomes white 
with the mold, aliout 1 to 2 mm. deep. In 10 days or so the mold 
becomes blue or green from develoiiing conidia. After 10 days the mold 
softens the curd to a smooth buttery texture which gradually extends 
from all sides to the center of the mass. Different molds develop 

different textures. 

Roquefort Cheese. Roquefort cheese has been made in the south of 
France for hundreds of years from the milk of ewes. Most of this 
cheese is made in the Department of Aveyron, a calcareous plateau 
at an elevation of 2.500 to 3,500 feet in the southwestern portion of the 
Cevennes Mountains. The temperature here ranges from 2° to 
4.5° C. in winter and 17° to 20° C. in summer. The cheese is made in a 
number of factories of this I'cgion and is shijiped to the caves of Roque- 
fort where it is ripened. 

The riiiening agent is PeniciHimn roqueforti, a velvety green mold 
indigenous to the caves. The caves have a tcmix'rature of 4.5° to 
10° C. and a humidity close to 100 per cent. Natural ventilation 

change.? the air three times a day. 

P. roqueforti invades the loose-textured eheeses. In preparing the 
curd cracks arc left or holes are ]nmched to allow the mold to grow. 
Such cheeses show green marbling on the cut suriacc. The usual pciiod 

of ripening is at least 6 months. 

Thom and Currie found that among a variety of molds only P. roque- 
forli has the ability to grow in an atmosphere having very little oxygra, 
and that only this mold can grow in the low oxygen tension which 
occurs in cheese. Currie showed that the eharaeteristic flavor of these 
cheeses was due to the hydrolysis of the butterfat by this mold to form 
a different mixture of fatty acids from those produced by bacteria (26). 

Dattilo-Rubo (27) extensively studied the taxonomy of the molds 
of eight varieties of blue-veined cheese and found that P. roqueforti 
Thom was the dominant strain. This type could be subdivided in 
accordance with colony characteristics into three classes, each typical 

of certain kinds of cheese. 
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Bryant (28) showed that each of the eight strains of P. roqueforti 
destroyed fatty acids such as caproic, caprylic, and capric acids in 
culture media at concentrations of 0.05 per cent. Concentrations of 
0.1 per cent, however, were toxic. Hammer and Bryant (29) found 
that methyl-n-amyl ketone was formed from caprylic acid by mold 
action. This ketone is an important flavor constituent of blue cheese. 

American “ Blue ” Cheese. There is a considerable demand for 
“ blue ” cheese in the United States and in Canada, and reports con- 
cerning successful attempts to manufacture this type of cheese have 
appeared in the literature. The United States Department of Agricul- 
ture (30) issued the following standards for Roquefort cheese. 

“ The cheese is inade by the Roquefort process from unheated, un- 
pressed curd obtained by the action of rennet on the whole milk of 
sheep, with or without the addition of a small proportion of the milk of 
goats. The curd is inoculated with a special mold {Penicillium 
roqueforti) and ripens with the growth of the mold. The fully ripened 
cheese is friable and has a mottled or marbled appearance in section.” 

The flavor of Roquefort cheese is due to the ewe’s milk, the ripening 
process, and speciflc atmospheric conditions. 

Various countries now produce, under a variety of names, cheese 
from cow’s milk which is similar to Roquefort. In the United States 
this type of cheese is known in the trade as “ blue ” cheese. Owing 
to the lower price of cow’s milk blue cheese costs much less. 

Distinction between blue cheese and Roquefort cheese became 
necessary. Garard and associates (31) employed a standardized pro- 
cedure for determining Polenske numbers by which Roquefort cheese 
may be distinguished from substitutes. Polenske numbers from 3 6 

to 5.95 were obtained for Roquefort cheese, whereas cow’s milk cheeses 
did not have values over 2.9 and were usually 1.8. 

"The ripening of blue cheese may be considerably accelerated by the 
addition of steapsin to the milk or to the curd. Competent iudees 
howevj, consider this cheese inferior to normal cheese because of ite 
bitter flavor. The addition of steapsin alone to the cheese is not suffi- 
cient, and Penicilhum roqueforti must be added to obtain the charac- 
teristic flavor during ripening (32) . 


Effect of Bacteria on the Ripening of Cheese. Lactic acid bacteria 

such as Streptococcus lactis and Lactobacillus casei accelerate the 

ripening process and the development of the flavor of cheese (33 34) 

For further details concerning bacteria in cheese and an extensive 
bibliography see reference 35. ^i-enbive 

The tollowmg k a tynical 
method for the manufacture of oheddar cheese, a hard cheese ma& by 
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rennet action on whole milk. This cheese is a favorite in the United 
States and other English-speaking countries. The method to he 

described is typical for the manufacture of cheese. 

The milk is brought to 30° C. (87° F.) . A suitable starter of lactic- 

acid-producing bacteria is added. The milk is mixed, and, when 
acidified from 0.17 to 0.2 per cent rennet is added. In 20 to 40 minutes 
curd formation takes place. After satisfactory clotting the curd is cut 
into small cubes to allow the whey to separate The curd is now 
heated to 37.8° C. and agitated until acidity and body are of satis- 
factory nature. The whey is drained off as soon as the curd acquires 
the desired texture. Then , the curd is cut into large pieces which 
are turned frequently and placed one on top of the other. This pro- 
cedure, called cheddaring, removes the whey. _ _ 

The cheddared curd is now cut and milled into small pieces. 0 

and a half pounds of salt is added to each 1000 pounds of curd. After 
mixing, the product is cooled at 26.7° C., packed m cheesecloth linings, 

and pressed to the desired shape. Then the cheese is ripened. 

During ripening, microorganisms and enzymes develop characteristic 
changes in the cheese. Streptococcus lactis and Lactobacillus case 
htve an important role in Cheddar cheese ripening. Mold growth is 
prevented by the salting of the surface of the cheese^ This is an im- 
Mrtant step, since mold growth must be prevented in this type of 
chLse. Ten pounds of milk yields 1 pound of cheese by this process 

'^Miller (37) reported that the immersion of cuts of Cheddar cheese in 
8 per cent propionic acid solutions increased the mold-free life 
16 6» C from the usual 3 to 5 days to 12 to 38 days. Solutions of 14 to 
16 per cent of calcium or sodium chloride were necessary to obtain a 
^hndar protection. Benzoic acid and sodium benzoate in 
strength were less effective than an 8 per cent propionic acid solution. 

the manufacture of rennin 

In some countries plant rennin, obtained from Galium verumiUdf s 
bedstraw) , Pingu,cula mharis (butterwort) , 

of rennin, however, is the fourth or true stomach of the 

'"'L.iauid Rennin. Holwerda (38, 39) described the following method 
for the preparation of liquid rennin. The mucosa of the cardiac end 
of the stomach (this portion being richest in rennin) is extracted with 


s 



TEST FOR RENNET ACTIVITY 


437 


a solution containing 2 per cent boric acid and 10 per cent sodium 
chloride for 24 hours. The mixture is filtered and adjusted to pH 4.8 
to 5. After 3 to 4 days at 25° C. the extract is adjusted to pH 5.3 to 6.3. 

This method is still in use by some manufacturers of Emmental 
cheese. 

Solid Rennin. For the manufacture of most cheeses other products 
are employed, however. Methods for the preparation of these products 
are all based on the early process of Blumenthal (40), which follows. 

Two thousand dry calf stomachs are finely ground and placed in a 
container holding about 2000 liters. Fifty kilograms of sodium chloride 
and 40 kilograms of boric acid are dissolved in 1000 liters of water and 
added to the ground calf stomachs. Instead of boric acid, glycerol, 
alcohol, thymol, etc., may be used as an antiseptic. The mixture is 
slowly stirred for several days until there is no more increase in rennin 
activity. The extract is then decanted. It contains a considerable 
amount of mucin and some pepsin. The mucin is removed by the 
addition of a small amount of hydrochloric acid and by passage through 
a filter press. Then the extract is saturated with sodium chloride. tL 
precipitate is now spread into thin layers and dried at room tempera- 
ture. ^ The mass is ground to a fine powder and standardized by the 
addition of sodium chloride. 

Desirable Properties of a Good Rennet Product. A rennet of good 
quality must show good keeping quality, it must be free of interfering 
microorganisms, and it must be free of other enzymes. Price is an- 
other important factor to be considered. 


Bacteria rapidly destroy the enzyme rennin. For this reason pre- 
servatives such as boric acid, benzoic acid, or often a 15 to 20 per cent 
concentration of sodium chloride are employed 

Davis (41) suggested that a rennet intended for cheese making 

mZs Th • 7 7"“ Clostridium, of yeasts, and of 

molds. This investigator claims that traces of pepsin have no effect 

but appreciable quantities of pepsin in rennet products produce bitter 

flavored cheese For best results cheese makers should use pure 
rennin preparations. 


A Test for Rennet Activity 

Standard Buffered MUk (Ege-Thygesen) . Forty-two grams of 

“fh'd- rifd -d the mi“ ddu Id 

with distilled water to 1000 ec. Fresh cows’ milk is diluted irith an 
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equal volume of this buffer. The buffered milk thus prepared has a 
pH of 5.0, and its clotting qualities are reproducible at any time, 

provided the cow’s milk is fresh. r ooo n 

The Activity Test. The test is carried out in a water bath of 20 C. 

Samples of 10 cc. of the buffered milk at 20° C. are placed in a series 

of ten test tubes containing increasing amounts of rennin in a volume 

of 2 cc. The tube clotting in 10 minutes is noted, and the amount of 

rennin in milligrams required is recorded. The activity may be 

expressed as follows; Rennet activity equals milligrams of rennet 

required to clot 10,000 milligrams of milk. 
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CHAPTER XXVI 

ENZYMES IN THE MEAT, EGG, VEGETABLE, AND 

FRUIT INDUSTRIES 

Typical examples of the roles that enzymes play during storage of 
foods are the sweetening of grain, potatoes, and cheese, due to enzymic 
hydrolysis. IMost fruits become soft during storage because of pec- 
tolysis. The hydrolysis of meats by tissue-bound enzymes is a desir- 
able process and is greatly accelerated by the treatment of meat with 
various enzyme preparations. Enzyme action in vegetables and eggs 
during storage, however, is not desirable. The lower the temperature, 
the lower the rate of enzyme action ; and any method that can inhibit 
enzyme action can probably increase the keeping quality of foods. 
Toxic substances cannot, of course, be employed to preserve foodstuffs. 

ENZYMES IN THE MEAT INDUSTRY 

After death, animal tissues undergo a gradual self-digestion effected 
by autolytic enzymes such as cathepsin, lipase, nucleases, and others 
present in tissues. It is generally known that tissues frozen and then 
thawed decompose much faster than tissues that have not been frozen 
at all Disruiition of cells brings the substrate and the enzyme closer 
together ICxperiments of Balls and Lineweaver (1) indicate that it 
is imiiortant in the rapid autolysis of thawed-out material to know 
how far enzyme action has already iirogressed during the frozen state. 
These authors, using crude enzyme preparations as well as crystalline 
enzymes, found that lipase action is considerable at low temperatures, 
whereas other enzyme action is slight. But even this slight action is 
important, owing to the fact that the first phase of enzymic attack, 
which has taken place during freezing, considerably hastens enzyme 
action when the materials are brought to ordinary temperature. Inter- 
esting low-temperature studies were iniblishcd by Nord (2, 3) . 

The value of meat is judged by its flavor and tenderness. In the 

United States the general iirocedure for tenderizing meat is to keep i 
at 1° to 3° C. from two to several weeks. Auto lysis lessens somewhat 
the original desirable flavor of meat. Tenderness, however, is much 
more desired in good-quality meats. Thus all high-class meat is aged 

for some weeks. 
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Plank (4) found that meat kept at a temperature of — 1.5° C. be- 
comes very tender and shows good qualities even after 7 weeks. 
Tressler and Murray (5) showed that “ sirloin steaks aged 4 days at 
1° to 3° C., and then cut, packed, quick frozen, and stored at — 18° C. 
for a month or longer, when thawed are as tender as and of better flavor 
than adjacent steaks aged 6 or 7 days at 1° to 3° C. and then tested 
immediately without freezing.” These authors devised a mechanically 
operated gauge for determining the relative tenderness of meat. 

Smorodinzew and Laskowskaja (6) suggested a method for deter- 
mining the quality of meat by measuring its digestibility by pan- 
creatin. By this method meats of better quality are digested 20 to 30 
per cent faster than are meats of poorer quality. 

Meat Tenderizing by Controlled Ultraviolet Radiation 

Coulter (7) developed a tenderization process based on controlled 

ultraviolet radiation. The principle of the process is to keep meat, 

after slaughtering, dressing, and short chilling, at a comparatively 

high (15° C) temperature for 3 days to allow increased enzyme action. 

Enzyme activity at 15° C. is 19 times more than at 1° C. and is the 

cause of increased tenderness. Whereas it takes, weeks to obtain the 

desired tenderness at 1° C., with the new process uniform tenderness 

is obtained in 5 days at 121 / 2 ° C., in 2 days at 18° C., and in a few hours 

at 29° C. The atmosphere must be kept constantly at 85 to 90 per cent 

humidity to prevent the meat from drying out. Ultraviolet radiation 

with the Westinghouse Sterilamp, which has a wavelength of 2537 A., 

protects the meat from decomposition by bacteria and molds. When 

the desired tenderness is obtained, quick chilling is applied at the 

customary refrigeration temperature of 1° to 2° C. It is said that 

this meat “ met with immediate customers’ acceptance,” and now 

several millions of pounds of the tenderized meat are produced per 
week by a number of plants. 

Meat Tenderizing by the Use op Fruit Enzymes 

Papain. The tenderizing of meat with the aid of papaya juice has 
been practiced for many years by natives of the tropical regions of 
Central and South America. A great portion of the papain imported 
by the United States is employed for tenderizing meat. For this pur- 
pose, commercial products are available which are suspensions of the 
enzyme in some bacteriostatic fluid such as dilute alcohol The preo 
arations are smeared on the meat a few minutes before it is coied 
Sometimes provision is made to allow the enzyme to penetrate into the 
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meat by applying deep cut?; then the meat is cooked in the usual 
manner. This method produces the best results. There is slight but 
definite digestion of connective tissue and muscle fibeis, resulting in 

softening of the flesh (8). 

Papain is more resistant to heat than other proteases, thus most of 
the hydrolysis takes place during cooking. The use of too much 
enzyme must be avoided ; otherwise excessive disintegration of the meat 
takes place. Too high a temperature destroys the enzyme. It is best 

to cook at 70° C. 

Gottschall (9) made the interesting observation that papain, which 
is inactive by the usual tests, may be very active in the digestion of 
meat or other products containing sulfhydryl groups or capable of pro- 
ducing them during proteolysis. Activation increases as digestion 
progresses. Preliminary activation of papain for use of such substrates 
is not necessary. Tests of the original activity of the enzyme prepa- 
ration give little indication of its potency in such use. Peptic digests 
of meat also bring about rapid activation of chymotrypsin. 

Bromelin. Bromelin, the pineapple proteinase, is as effective as 
papain in tenderizing meat, and it has a more desirable odor. 

Other fruit enzymes used for tenderizing meat are fig juices, which 
contain ficin, and the protease of Osage orange. These enzymes are 

also used to tenderize sausage casings (10) . 

The Use of Silver for the Prevention of Molding. The use of silver 

preparations for combatting molds in meats in cold storage has been 

reported by Moiseev and Ivanova (11). “ Silver water ” was used to 

prevent molding of meats in cold storage. The best results were 

obtained when the meat was washed before freezing with silver water 

containing 3 X 10”® gram of silver per cubic centimeter. The silver 

water was prepared by allowing the water to stand in contact with 

silver sand. The product is said to be harmless to the consumer. 

THE ACTION OF ENZYMES IN EGGS 

« 

Eggs in the shell, unlike meat and vegetables, cannot be frozen 
because freezing causes the shell to break. A temperature just above 
freezing is required for preservation because eggs decompose rapi y 
if not brought to a low temperature soon after laying. Proper care 
increases the commercial value of eggs considerably Deterioration 
of eggs during storage, accompanied by a decrease in the proportion o 
thick white to thin white, may be caused by enzymes present in the 

eggs which weaken the membranes around the yolk. , 

Balls and Swenson (12) reported experimental data which indicate 
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that a tryptic proteinase is responsible for this cliangc. They found 
that this enzyme is identical with pancreatic trypsin since it also is 
activated by intestinal cntcrokinase. The egg tryi)sin is pi*esi*nt only 
in the thick white of the egg, whereas the thin white C(mtuins an 
antitrypsin. (See also reference 13.) 

There is some evidence that microorganisms such as thosi* of the 
proteus and mcsentericiLS type may also effect a deterioration of eggs 

(14,15). 

Eggs release carbon dioxide but do not take u|) oxygen. This is .said 
to be a certain form of deterioration. Deterioration is inhibited hv 

to 

the presence of carbon dioxide surrounding the eggs in storage. Ac- 
cumulation of carbon dioxide in tlie egg inhibits further decompositiim. 
This can be accomplislied by closing up the egg pores t<» prevent the 
escape of further carbon dioxide. The United States r)ei)artment of 
Agriculture (16) developed a process for the ))reser\'ation of eggs based 
on coating eggs with thick mineral oil. The eggs are dipped in oil, then 
the ** air is pumped out of them by a vacuum juimj), and finally the oil 
is pushed into the pores of the shell by releasing the vacuum.” Eggs 
treated by this method are said to *' gratle higher '' alter stortige when 

subjected to the candling test. Oiling the eggs also helps to minimize 
evaporation of water. 

Methods for the determination of egg quality have been discussed 
and a simple method has been described by Hoover (17). 


ENZYMES IN THE VEGETABLE AND FRUIT INDUSTRIES 

The Action of Enzymes in Potatoes 

During storage at room temperature, respiration takes place con- 
stantly in potatoes. Diastases and maltase form glucose fmm starch 
and the glucose is further metabolized. At low temperatures (3° C. or 
so), however, respiration ceases and sugars accumulate; this results 
m a sweetening of potatoes. Freezing is very harmful as it ruptures 
the plant cells, resulting in higher enzyme activity. Temperatures at 
or slightly above 3° C. and good ventilation are essential for maintain 

mg high-quality potatoes. The careful handling of potatoes is required 
at all times. ^ 

The darkening of the cut surfaces of potatoes is due to the oxidation 
of tyrosine by the enzyme tyrosinase (18, 19). This reaction, called 
melanin formation, is undesirable in industrial processes. Boiling the 
potatoes and excluding air eliminates the darkening effect Heaw 
metal salts accelerate melanin formation. ^ 
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Enzymes in Dehydrated A eeet.ables 

^lallette and cownrkcrs (20) stored commercially dehydrated cab- 
bage, Irish potatoes, and sweet potatoes for one year under controlled 
conditions of temperature, moisture, and atmosphere. Fresh blanched 
and dehydraterl samples were assayed for \-itamin, oxidative enzymes, 
available iron, total coiiper, and moisture content. The dehydrated 
cabbage and potatoes deteriorated rapidly, as evidenced by loss o 
ascorbic acid, discoloration, and development of off-odor, when kept 
above 20 to 27° C. Irish potatoes deteriorated at moisture levels 
above 7 per cent. At lower temiieratures, however, the vegetables were 
more stable. No correlation was found between this deterioration and 
the oxidative enzyme activities (peroxidase, catalase, ascorbic acid 
oxidase, catacholase, cresolase, and laccase) or iron and copper content 
of the dehydrated vegetables. All the vitamins assayed except ascorbic 
acid were' fairly stable during storage. The employment of sulfite in 
the blanch reduced the ascorbic acid losses but resulted in the destiuc- 
tion of thiamin in dehydrated cabbage. There was no regeneration o 
enzymes during storage. The data of ^lallette and coworkers do not 
.support the contention that the storage deterioration of commercially 
dehydrated cal.bage and potatoes is brought about by 
enzymes whoi^e iiresence arises from imuleciuate blanching oi icgc 

<„.alion ,luri..K xton*., Th™.. inv^tisalors al.tainod 

at yarious stages of processing and compared them with those eif the 

;,npr«'aHse,l f.vsh v.-RaU.I.k'S. TIk' .n^ymo units me P' 

I'liysieal rharaeU-nslies, siirh as color and odor, are 

tabulated and prease pro.acssing m.'tliods are also described. 

c™ erdng t a- peroxidase test, in deiiydrated potatoes, Criiess and 
„„ooWes 21) ca ne to II, e folio, ring conchision: Our expernnen s 
riielte tliat sl.me peroxidase aclivily may be present ivitliout lilipa 1- 
ing keeping i|ilali|.y. < >n tile oi lier liand excessive |ieroxidase actl 1 y 
indicates ir,ade,|,iate lilaiicliilig and probal.ly iiiipaireil kec'ping quality. 
As a general pril,ci|.le it is better tlial suel, tests be unduly seieie tlia 

Wed'cnAegional llesearcl, I.alioratory (221 lias described a 
pernxidnso test for deiiydrated and undcliydrated potidiies 

of bianeiiuig. cot Indards 

''‘'‘"''ting POU I n dichniinate and cobalt nitrate. Tlic reagents 
cons sting of pot, swum ^ 

IImk" ccnlundenaturcd etliyl alcoliol, 30 per cent liydrogen peroxide. 
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and 5 M ammonium acetate. The information sheet contains detailed 
instructions concerning the test as well as a discussion concerning its 
interpretation in control work. 


The Action of Enzymes during Quick Freezing of 

Fruits and Vegetables 


Over 85,000,000 pounds of vegetables are frozen per year by the 
frozen-pack industry in the United States. The freezing is important 
because frozen food can be transported and stored more readily and 
for longer periods than fresh foods. Commercial freezing was initiated 
and developed in this country. Extensive researches are available, and 
preferred lists of fruits and vegetables for freezing have been compiled. 

Perhaps the most important step in freezing vegetables is the scalding 
process. If the enzymes are not destroyed or inhibited, their action 
continues even below —18° C. In addition to their autolytic action, 
bad odors and flavors, as well as color changes, are produced by them. 

way to destroy the enzymes. Live 

steam or hot water is used. 

Frozen fruits, however, are not scalded. They contain active . en- 
zymes, etc., and, once thawed, must be looked upon as perishable. 
Sugar or sugar syrup, added to certain fruits before freezing, pre- 
serves the thawed fruit for not more than 24 hours. 

Frozen fruits have an excellent appearance and lose none of their 

vitamins during freezing. For an extensive bibliography concerning 

quick-frozen fruits and vegetables a paper by Diel (23) should be 

consulted. _ Here also many valuable details may be found concerning 
quick-freezing methods. 


According to Joslyn and Marsh (24), the phenolase test is the most 

definite index for proper blanching of vegetables and fruits that 

discolor. Table XLIX, compiled by Joslyn and Marsh, illustrates the 
scalding times proposed by various authors. 


Bedford and Joslyn (25) studied the activity of catalase, peroxi- 
dase, and ascorbic acid oxidase of string beans scalded under various 
conditions in relation to flavor retention, when stored at 17° C The 
qualitative peroxidase test was found to be the best index for proper 
scalding of string beans. Not all the enzyme must be destroyed The 
same authors (26) also found that flavor retention in scalded aspara- 
substrate. Scalding in water for 4 minutes at 92° f ^ 

100" C. was satisfactory for retention omvor 

Campbell (27) found a qualitative peroxidase test applicable in the 


« 



TABLE XLIX 

Blanching Periods Used in Preparing Vegetables for Freezing 
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determination of adequacy of scalding of cut corn for freezing. The 
peroxidase test was carried out by adding 10 drops of 3 per cent 
hydrogen peroxide and 10 drops of an alcoholic solution of gum 
guaiac to 5 cc. of the filtered extract. The extract was prepared 
by pulping 25 kernels of scalded corn in 15 cc. of distilled water. A 
greenish blue color inch in height on top of the test solution indicates 
active peroxidase and insufficient scalding. Table L shows how the 
peroxidase test becomes gradually negative when the scalding period is 
increased from 30 to 45 seconds. 

TABLE L 

COMPAKISON OF ScALDING, PeBOXIDASE AcTIVITT, AND THE QUALITY OP CuT CoRN 

Held at — 15°C. for 11 Months (27) 

Peroxidase Quality 

Strongly positive Poor color; sour odor; bitter flavor 
Strongly positive Fair color; good odor; slight bitter flavor 
Slightly positive Good color; good odor; good flavor 
Negative Good in all respects 

Negative Good in aU respects 

Catalase Test foe Peocessed Vegetables 

Vegetables deteriorate rapidly in cold storage unless they have been 
blanched sufficiently to destroy the enzymes. It is important to test 
whether or not they contain appreciable quantities of catalase, because 
this is also a reliable indication of the degree of destruction of the other 
enzymes. The United States government requires that in some vege- 
tables the enzyme catalase be destroyed after the blanching process as 
a control of quality of dehydrated products. Other government speci- 
fications, however, require that most dehydrated vegetables prepared 

for army use show a negative peroxidase reaction. See section on the 
action of enzymes in potatoes. 

Thompson (28) recommended the following rapid and simple method 

for the estimation of catalase in vegetables after blanching and before 
dehydration or freezing. 

Procedure. A 1.0-gram sample is ground in a mortar with 0 6 gram 
of calcium carbonate and 1.0 gram of fine sand. Ten cubic centimeters 
of water is added and the grinding is continued for 2 minutes. One 
cubic centimeter of the mixture is pipetted into one half of the divided 
flask (see Fig. 47) , and 2 cc. of 3 per cent hydrogen peroxide is placed 
m the other half. The flask is attached to the manometer, and the 
whole apparatus is suspended in a constant-temperature water bath at 
20° C. When the apparatus attains the bath temperature, the stop- 


Scalding Treatment 
None’ 

15 sec. flowing steam 
30 sec. flowing steam 
45 sec. flowing steam 
60 sec. flowing steam 
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cock is closed (water level in U-tube set at 0 cc.) and the apparatus is 
shaken for 2 minutes. A reading of the pipct is then made to estimate 
the volume of oxygen liberated. The catalase may be reported as cubic 




U5 


1. 6-cc. pipet graduated in 0.1 cc., fused to 
U -piece of tubing of same diameter 

2. Water in tube at 0 cc. level of pipet at 
start of reaction 

3. Stopcock to adjust level of water after 
flask is attached 

4. 50-cc. Erlenmeyer flask with divided 
bottom 



Enzyme 


Fig. 47. Catalase apparatus. 


centimeters of oxygen liberated by 0.1 gram in 2 minutes. The calcu 
lation suggested by Tressler and Evers (29) may also be used. 


100 


B - A 
C - A 


) 


in which A = inactivated sample (heat treated) } = always 0.0 cc_ 

B = blanched sample to be tested 1 ^ cubic centimeters of 2 
C = raw untreated sample 1 liberated by reac ion 


The Peroxidase Content of Some Plant Products 

The peroxidase content of a series of agricultural products is listed 
in Table LI (30) . The materials marked with an asterisk contain 
appreciable quantities of inhibitors and the values are somewhat less 

exact. 
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TABLE LI 

Approximate Peroxidase Content of Some Plant Products 



Peroxidase Units 


Peroxidase Unit.s 


per Kilogram 


per Kilogram 

Malt sprouts* 

550 

Beets 

11 

Horseradish 

403 

Wheat* 

10 

Turnips 

no 

Barley 

9 

White potatoes 

36 

• 

Barley with hulls 

3 

Sweet potatoes* 

30 

Oats 

3 

Radishes 

30 

Onions 

3 

Rye 

14 

Soybeans 

2 

The grains were 

dry, the vegetables not dried. 

Except radishes and onions, the plants hod been 

stored through the winter. 




Enzmyes in 

Tomatoes 



Heat Inactivation of Tomato Pectase. The preservation of the 
pectic materials which give “ body ” to the tomato products is of 
utmost importance to the canning industry. It was known for many 
years that the enzymes in tomatoes had to be destroyed for best results 
before the so-called hot break ” method to inactivate the enzymes by 
heat was introduced. In crushed, unheated tomatoes 70 per cent of 
the natural pectin is destroyed in 10 minutes (31, 32). Kertesz has 
shown that cold-pressed tomato juice does not contain enzymes of the 
pectinase group. The enzyme pectase (esterase ) causes the decomposi- 
tion by rapid demethoxylation of the pectin. This enzyme may be 
completely destroyed by heating the tomato juice to 80° C. for 45 
seconds (33). Kertesz suggests the following simple test for the con- 
trol of effectiveness of heating: To 25 cc. of only slightly acid pectin 
solution 1 cc. of the heated tomato juice is added and the mixture is 
titrated with 0.1 N alkali in the presence of methyl red until the mixture 
just loses its last pink tint. If the pectase is destroyed, the mixture 

should show no color change after being kept at room temperature for 
1 hour. 


The Effect op Calcium on Canned Tomatoes 

The quality of canned tomatoes is determined by the solidity of the 
pack. Much is lost in quality and flavor at the end of the season when 
whole tomatoes often fall apart during canning. Kertesz very appro- 
priately suggested that calcium chloride be added to canned tomatoes 
Pectase or pectin methoxylase converts soluble pectin, in the presence 
of calcium salts, into a gel. With 0.61 gram of anhydrous calcium 
chloride per No. 2 can, the solidity of the pack can be greatly improved. 
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The addition of calcium chloride, however, is not desirable when the 
fruit is sufficiently firm. It is with fully ripened fruits that the effect 
is most beneficial. Figure 48 shows calcium chloride-canned tomatoes 

10 minutes after removal from the can (34) . 

The Action of Enzymes in Fruits. Fruit intended for storage is 
practically always collected green and allowed to ripen during storage. 
Freezing or keeping fruit too close to freezing impairs its quality. The 
optimum storage temperature varies with the type of fruit, but it is 
usually a few degrees above freezing. Fruits and most vegetables 
respire. During this process the plants take up oxygen and release 
carbon dioxide. In apples -diastases form sugar from starch and a 



Fig. 48. Canned tomatoes 10 minutes after opening the can. :^ft, control; nght, 
canned with the permitted amount (0.07 per cent) of calcium chloride. 


part of the sugar is changed to carbon dioxide. In apples, for instance, 
during the ripening stage, carbon dioxide production is at the maximum 
(16) ; it decreases gradually as the fruit becomes old. When all the 
starch is used up the apple dies. There is a final increase in physio- 
logical activity which suddenly reaches zero and is followed by decom- 
position of the fruit. This metabolic process is, of course, carried 
out by the enzymes within the cells of the fruit and is greatly acce cr- 
ated by the presence of molds and bacteria. 

Factors to be Considered during Storage Ripening of Fruits. 
Respiration, being necessary for ripening of fruits, necessitates a con- 
stant oxygen supply. Oxidation, however, produces heat. The heat ol 
oxidation may be so great during transportation or storage as to cause 
the decomposition of much of the fruit. To eliminate this situation 
enzyme action must be decreased. This can be accomplished by 
lowering the temperature. Thus it is best to cool fruit before it is 
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shipped and so eliminate the danger of overtaxing the refrigerating 
equipment. 

Another method of decreasing respiration is to place fruit in a dark 
place in an atmosphere containing an increased quantity of carbon 
dioxide (35) . Apples respire and ripen very slowly when stored in air 
containing about 10 per cent of carbon dioxide. The storage time of 
apples in carbon dioxide-enriched air may be increased twice without 
affecting the quality of the fruit. For a review see reference (16). 

Sometimes it is desirable that the ripening of fruits be hastened. 
This can be accomplished by an increase in temperature. Lemons are 
stored for 2 to 3 weeks at 50° C. Lemons and bananas are readily 
ripened when placed in air containing a small amount of ethylene gas. 
Ripening apples also give off ethylene gas, which has the opposite effect 
from carbon dioxide. Ethylene speeds up ripening. Thus ventilation 
is required. Inasmuch as ventilation results in evaporation and dry- 
ing of the fruit, the humidity is kept at 75 to 80 per cent. 

Denny (36) showed that ethylene has a marked effect in producing 
the desired ripe color in green apples. He exposed green lemons to 
ethylene gas and found that a dilution as low as 1/1,000,000 resulted 
m more rapid carbon dioxide formation and a rapid appearance of 
yellow color on the lemons. Chace and Sober (37, 38) observed a rapid 
ri^pening of pears, with resultant amylolysis and sugar formation, when 
the fruit was exposed to ethylene gas during ripening. Other investi- 
gators have also reported results on treating various fruits and vege- 
tables with the gas (39-44) . 

G^e (45, 46) found that one apple (200 grams) emanates 1 cc. of 

rthylene gas during its lifetime. Niederl, Brenner, and Kelley (47) 

found that 04 to 0.2 ce. of ethylene is given off ^er 100 pouLs oJ 
fruit during the ripening period. 

Swanson (48) found that combined wheat is better for bread making 

accelerate the ripening 
alls and Hale (49) treated freshly harvested combined wheat with 

air containing 1 part per 1000 of ethylene. The ethylene-treated 

wheat and a proper control were then subjected to a baking test The 

ethylene-treated wheat furnished bread that had excellent texture and 
CO or and a normal general appearance. The control had a smaller 

wheat, after a month’s aging, had attaiLd all the propertts 
exposed to ethylene. Nord and Franke (50 

ethylene increases the permeability of the cells, and this%^uTin an 

increase in enzyme activity, results m an 
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According to Haller (521 and Emmett (53) the softening of pears 
and apples is caused by the enzymic decomposition of pectin. 

Some Metabolic Studies, Archbolcl and Haynes (54, 55) found 
comiilete hydrolysis of the starch in apples stored for a period of 50 
days Kokin (56) reported on his obseryation of the tree ripening 
of ‘apricots and apples. First glucose is produced, which is later 






% 


• 'U 


m. y-\ - 

■ - * ’ 



• ‘ X*' 


I ' ♦. 1 


\ * 



• 4 > 


% 




nt 







r: ^ 


1 





2 


Fio. 40. Effect of ethylene on 


!, ■ CV' » "f ». 


wheat: No. 2, untreated; No. 4, treated— after 
19 days. 


u rrr.,1 to fructo^e Finally sucrose is formed from the monosac- 

:l:Sl Vtn. i» a J in tU- citnn add an,l nnUic add content 

Poland mnl'TKro^ (58)’ »ln<lied (In- quantitative- rd.atums of tl.c 
„„Bar» of tin-. Oca Midu-I l.anana, tin- conun.-rcial tVl''' 
at various ataaoa of ri,.ono»s. Total aURara .nrreased fu 2 po c nt 

in tin- Rlfc-n fruit to 20 per eont .n tin- ,■„» fru.t, To'nl educing 

ausara fn the partly ripe fruit were 3.09 per rent; in ^ 

I ntoma they were 7.45 per cent. The sucrose increased from 7.95 to 
12 08 per cent The ratio of glucose and of fi'uctosc to total reducing 
u ar wIb ahno.st constant. Cducose was about 58 per cent and r c- 
nbout 42 per cent of total reducing sugars at any stage of ni 
lea Ttoir. 50 repreaenta teda of total auRar eliangca in samples 
from practically all Central Ameriean t,anana-|iroducmg conn iie., 
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using more than 100 cargoes. The changes were recorded from the 
arrival of the bananas at the coast to senescence. 


* 

Color Changes in Fruits 


Color changes in fruits and fruit products, such as take place on 
injury or over-ripening, may be caused by the enzymic oxiilation of 
pigments or precursors of pigments. The color formation, however, 

/ 7 

may also be produced by non-enzymic oxidation. The mechanism of 
the darkening is as yet not completely known. According to Bach and 
Chodat a substance is autoxidized to an organic jicroxide which, acti- 




Baye after dlacharfire from Steamer 


Fig. 50. Variation in sugar content of the banana during ripening. 

vated by the enzyme peroxidase, oxidizes chromogens and tannins. 

Some colors are produced by phenol oxidases acting on certain phenolic 
compounds (59) . 

Vv . , . . and flavones are oxidized 

by oxidizing enzymes to brownish substances. Sand (61) showed that 

quercetin is enzymatically oxidized to deep red products which rapidly 

change to brown pigments. This reaction takes place at the expense 

of flavanols. Apples, pears, and other fruits are said to contain 

o-dihydroxyphenylalanine (dopa) which is oxidized to a brown pie 

ment by the enzyme dopa oxidase (62), which is also present in tL 


According to Balls and Hale (63, 64), darkening of injured apple 

tissue IS hastened by horseradish peroxidase and therefore ^pple tiLue 

discoloration is a reaction produced by peroxidase. They believe that 

hydrogen peroxide formation from molecular oxygen by a respIraW 
enzyme is a required intermediarv afpn ^ . espiratory 
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Darkening of most fruits is due to the oxidation of catechol tannins 
containing orthodihydroxy groupings (65) . Peroxidase is inhibited by 
cvstcinc, glutathione, and other sulfhydryl compounds. These sub- 
-;tances prevent browning by their action on peroxidase The ai ai able 

data indicate that polyphenols are probably oxidized by ^ 

and peroxidases. Balls and Hale (66) found that, owing to its gluta- 
thione content, pineapple juice prevents darkening of cut fiuit. B 
cause of the complexity of the various oxidizing systems and the laige 
number of substances which interact, a single formula cannot be 

presented for the natural darkening of fruit tissues. 

Oxidation is, of course, the basic cause of browning. This can be 
more or less eliminated by destroying the oxidases by heat, by stoiing 

TABLE LII 

The Biiownin(^ of Peach Juice 

01)S(H vations Taken in 30 Minutes 


Variety 

Sunbeam 

Oriole 
Uoclu^ster 
Valiant 
Elberta 
St. John 
South Haven 
Miussasoit 
CJolden Jubilee 

Arp 

Fo.ster 

Viceroy 

]']arly CJiarloite 


Livinuf^ton 
Vechitto 

Innold 

lOclipHo 

VeU^ran 

National 

Ideal 

Muir 

ArmHtronR 

Onmne ClinR 

NiftHara 
Early Crawford 

O - iw oViango; + “ "un*® 
bro^v 11. 


Juico only 

O 

+ 

+ + 

-t- 

+ 

+ 

+ 

+ 

+ 
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+ + 
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tVitli Ciiuiiiicol 
(oxidiisc) 

o 
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+ -1- 
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tt'ith Giiaiacol 
and H2O2 

(peroxidaso) 
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at a low temperature, by reduction of pH, by halides, and by sugar 
syrup. Complete elimination, however, is possible only if sulfur dioxide 
and other reducing substances are used. For an extensive bibliography 
see the excellent paper by Joslyn (67) . 

Non-enzymic or autocatalytic oxidation may be effected by inter- 
mediary enzymic oxidation products, loss of vitamin C, absorption of 
oxygen, and formation of peroxide followed by j)olymerization and the 
interaction of these products. Metallic salts and ti'accs of metals i)lay 
an important part in autocatalytic oxidation. 


A Successful Attempt at Eliminating the 
Browning of Yellow Peaches 

Sunbeam, a yellow peach originated by the New Jersey Experiment 
Station, showed only very slight darkening. “ Slices and juice of 
Sunbeam peaches were still of the original color when practically all 
other varieties showed definite darkening.” Table LII shows the 


















TABLE LIII 

Tannin Content and Catechol Reaction of Peaches 

Average 

Percentage of Catechol Reaction 

Tannin in the In 5(> Per Cent 

Variety Fresh Peach In Juice Alcohol Extract 

Sunbeam 0.005 O O 

Sunbeam* 0.009 O O 

Golden Jubilee 0 . 026 + + 

Massasoit 0 . 034 

Eclipse 0.053 

Niagara 0.059 

Fitzgerald 0.062 + + + 

St.John 0.067 + + + + + + 

Foster 0.069 

South Haven 0.116 

Early Crawford 0.127 

Elberta 0.132 -t- + + + + +t 

Arp 

Oriole 

Rochester 

Ingold 

Orange Cling 

* 

Armstrong 

* Later picking, 
t Very strong reaction. 

browZ darkening: + + = light brown; + + + _ brown; + + + + 









dark 
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bi-oAvning (if the juice of this peach, as compared to that of other 
peaches, with guaiacol as a substrate for phenol oxidase and hydrogen 
peroxide as a substrate for peroxidase. In the first column the color 
changes as observed on the original juices are recorded. Sunbeam 
lieaches did not darken. Arp, one of Sunbeam’s parents, was somewhat 
better than other varieties. Definite darkening occurred, however, an 
30 minutes. The other jiarent, not recorded in Table LII, showed 
discoloration. The phenol oxidase test could not be obseived, owing 
to the darkening of all the juices without the substrate (guaiacolj. 
All showed the jieroxidase reaction. Ivertesz 1 68 ) found that the fact 
that slices of Sunbeam peaches did not darken when left in air w^as not 
due to lack of oxidases. As may be seen in Table LIII, failure of these 
peaches to discolor is due to the absence of catechol tannins in this 

variety of peach. 
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CHAPTER XXVII 


PECTIN-DECOMPOSING ENZYMES AND THEIR USE IN 
THE FRUIT JUICE, WINE, AND JELLY INDUSTRIES 

Pectins: arc jiarts of the cell walls of plants. They are polymeriza- 
tion compounds of galacturonic acid of an unknown constitution. 
The pectic compt)unds of the middle lamella are believed to be the 
cementing link between cells. Softening of fruits during ripening is 
probably caused by enzymic breakdown of the cementing pectins fl, 2). 
Pectins arc soluble carbohydrates of colloidal nature. They are 
formed from an insolid)le comi)ound, called protopcctin, by boiling in 
water or dilute acitls or by the action of enzymes. Lemons (albedo), 
oranges (albedo), apples, sugar beets, flax stalks, strawberries and 

raspberries, and many other fruits arc good sources of pectin. 

The jiectins, or the pectic substances as they arc sometimes called, 
are very important industrially. They arc used in the setting of jams 
and jellies, and as emulsifying agents in the manufacture of oil emul- 
sions and other foods. The pectic substances and the pectin-decom- 
posing enzymes have been extensively studied in connection with the 
preparation of textile fibers, the clarification of fermented and unfer- 
mented juices, and the stabilization of “ clouds ” in tomato and citrus 

] UICCS* 

The Agricultural and Food Chemistry Division of the American 
Cliemic.al Society proposed the following nomenclature for the pectic 

substances (3) : 

Pectic Substances. “ Ppciic .siib.stnncr.s ” Is a group designation for those 
complex, colloidal carboliydnito derivatives Avhich occur in or are ]nepare( 
from plants and contain a larg<> proportion of anhydrogalacturomc acid units 
which arc thought to exi.st in a chainliko combination. 1 ho carboxv 
of polygaincturonic acid.s may be partly esterified by methyl groups and paitb 

or completely nmitralized by one or more basc.s. 

Protopectin. The term “ protopen-tin ’’ is applied to the water-insoluble pai on 

poetic substance which occurs in plants and which upon re.stricted hydrolysis 

yielda pectin or pectinic acids. . „ . , , , 

Pectinic Acids. The term “pectinic acids” is used for colloidal polygalni- 

(uronic acids conl.aining more than a negligible proportion of 

Pectinic aci.lH, under suitable conditions, are capable of forming gids with si^ai 
and a.dd or, if suitably low in metlioxyl content, with certain metallic ions. Ihc 

salts of pectinic acids arc cither normal or acid pectinates. 
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Pectin. The general term “pea-fin” (or ])eetin.s) <ie.-eignate.s ilia't- water- 
soluble pectinic aeid-s of varying im-thyl e.ster content and degice of nr-iitrali/.atioii 
whicli are capable of forming gets with sugar and acid iindei' .soil able conilitiun.-. 

Pectic Acids. The term “ pectic acids” Ls applied to )ti-ctic .'■ubstaiices iiKa-ilN- 
compased of colloidal polygalacturonic acids ami e.ssentiall\- fre-e frejiii iueth>l 
ester group.s. The .salUs of jjectic acids are either normal or acid jiectati 

Many bacteria, mokls, and higher plants contain active pectin- 
destroying enzymes. For excellent reviews see references 2 and 4. 
Three pectic enzyme systems are now known: protopictinast , pectl/uisi 
(polygalacturonase, pcctolasc), and pertase i pectin- tmthoxylasc] . 

1. Protopectinase. Protopoctinase is the enzyme that softens plant 
tissue by hydrolyzing the mitldle lamella of jtlants ( itrotoi'vctin i . 
The exact nature of this reaction is not known. Various |)atht)genic 
microorganisms, fungi, and bacteria-infecting plants contain this 
enzyme. 

Good sources of protopectinase are B. carotovorus (o\, B. niescntcri- 
cus (6), Botnjtis cinerca (7), Rhizopus (8), Sclcrotlnia cinerca (the 
plum-rotting organism), and Fitsarimn chromiophthoron (9l. The 
softening of fruits such as apples, pears, peaches (10, 111, and of some 
vegetables such as tomatoes is caused by ])rutoi)ectinase. which is 
present in these plants. Ehrlich (12) prepared a highly active proto- 
pectinase by extracting the mycelium of Penicillium with water and 
precipitating the enzyme with alcohol. This preparation dissolved 
up to 60 per cent of the sugar-beet tissue in 24 hours. 

2. Pectinase (Pectolase, Polygalacturonase). This enzyme splits 
polygalacturonic acid into monogalacturonic acid by o]H'ning glycosidic 
linkages. It is mostly present in fungi and bacteria and is frecjuentlv 
accompanied by pectase (pectin-methoxylase) (2). 

Although barley and barley malt do not contain pectin, pectinase 
may be prepared from the barley malt (13). Pectinase is present in 
Sclerotinia cineria (14) and in a great variety of bacteria (151, 
especially those microorganisms thriving on fruits ( 16) . Various fungi 
such as Rhizopus tritici (17), Sclerotinia cincrea, Botrytis cincrea (18) 
Penidllium ehrlichii (19), and other penicillia (20) contain pectinase' 
Menon (21) described the pectinases of the parasite molds B. cinerca 
Monitia fructizena, Pythium de haryanum, Phytophthora erythrosep- 
tica, Fusarium fructizenum, and Glocosporium fructizenum. 

Jansen and MacDonnel (22) have reported on the rate of glycosidic 
hydrolysis of pectin and enzyme- and alkali-prepared pectic acids 
by the commercial enzyme mixture “ Pectinol 100 D ” This paper 
contains many interesting observations. However, the preparation 
of specific enzymes from molds offers no difficulties, and results 
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obtained with enzymes of known origin and definite purity are of 
greater value to the enzymologist. _ 

Tlic oiitinuun pH of niohl pectinasc is at jiH 3.0 to 3.5, and it is 
infiueneed. as in other enzymes, by the composition of the reaction 

mixture, source of the enzyme, purity of the enzyme, etc. 

3. Pectase (Pectin-Methoxylase, Pectinesterase). Pectase, the 
enzyme that splits off methoxy groups (methyl alcohol) from pectin 
and converts soluble pectin, in the presence of calcium salts, into a gel, 
was discoveretl hy Fremy in 1840. There are some indications that 
pectase is a non-specific esterase identical with plant esterases 

(lipases). . . , . 

Preparation and Properties of Pectase. The press juice of fresh-cut 

alfalfa converts ix-ctin into a solid gel within a few seconds. Flehlitz 
(23) obtained 1682 grams of crude press juice from 5000 grams of 
alfalfa. He further inirified this juice by jirescrving it with chloro- 
form, placing it in a dark jilacc, and allowing it to settle for 22 lioiu’S. 
Then the crude juice was filtered and the pectase was precipitated by 
the addition of 2 volumes of 90 per cent alcohol. The precipitate 
was collected and dissolved in 400 cc. of distilled water by allowing 
it to remain in the water for 15 hours with occasional sdiakmg. Then 
the pectase was separated from the insoluble residue by filtotion. The 
enzyme was precipitated again with 90 per cent alcohol. The prec^ i- 
tate was dried over calcium chloride in a vacuum desiccator. The 
'hy ^nzvnK- ko„t wdl for 4 .nonth., vl.aoas its 10 pc.- cent 

solution lost most of its activity in 3 to 4 days. A calcium concenti 
(ion of 0.15 per cent was found to be the optimum amount for gel 
formation, and the pH optimum of the alfalfa pectase was at 4.8 to 

'10 at a calcium pedate concentration of 0.7 per cent. 

"paiil and Clrandseigne (24) prepared active pectase by extracting 
sprouting legumes with water. The extract was mixcal with a colloid 
such as starch ov tragacanth, and was precipitated with acetone. The 

resulting gel was dried. Tzerevitinov and Rozanova (2,}) 
a sla-ies of plants and grasses and found that potato plants and bwedish 

clover were rich sources for pectase. 

It was found that this enzyme removes the metlmxyl group fron 

pectin and that gel formation is a sec.mdary 

bv the state of the substrate. For this reason Kertesz (26) diffeicn- 
tiates between the “ nicthoxylase ” reaction and the pectase (gela- 
onT According to Kortocr, gel fo.-,.n.tinn deponrte o.. the 

com .osition ot the mixh.ro and is i..n..enccd by ).II changes bronght 
about by the liberated carboxyl grouiis. Acid formation may mciease 
the pH of the medium to such an extent that gel formation is greatly 
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delayed. Kertesz proposes the method applied by Knaffl-Lenz (27) 
for lipase for the titration of the carboxyl groups of the galacturonic 
acids set free during the reaction. By this method alkali is added at 
short intervals, the pH being kept constant (pH 6.2) during the course 
of the reaction. This cannot be accomplished with buffers. The pectin 
methoxylase shows increased activity with increasing pH. In an 
alkaline solution, however, pectin is demethoxylated, so that enzyme 
activity can be determined on the acid side of the pH scale only. 

Table LIV shows the pectin methoxylase content of some plants 


TABLE LIV 

Enzymatic Pectin Demethoxylation by Various Materials 


Material 


Filtered juice of Windsor sweet 
cherries 

Juice of shipped Florida tomatoes 



Juice of ripe hothouse tomatoes, Forc- 
ing Wonder 

10 per cent extract of dried tobacco 
powder 

Press juice of leaves of hothouse- 
grown (Kentucky) green White 
Burley tobacco 

Press juice from alfalfa 


and Table LV shows that of some commercial enzyme mixtures as 
reported by Kertesz (26) . 

It had been known for some time that pectin methoxylase is an 
esterase similar in action to certain lipases and perhaps identical with 
plant lipases. Experiments supporting this view had been reported by 
Kertesz, who showed that castor-bean lipase and pancreatic lipase have 
both pectin methoxylase and pectase activity. Owing to the non- 
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specificity of the enzyme, Oppenheinier (28) suggests that it should not 
be called pectin methoxylase. Indeed, this enzyme is a typical esterase, 
liberating methanol or other alcohols from its esters (29). Thoinberiy 
(30) determined the pectase activity of several microorganisms by the 

TABLE LV 

Determination of Pectin Methoxylase in Mixtures of Pectic Enyzmes 

(Pectinases) 


Material 


Malt extract (10 per cent, fresh) 

Commercial p(*ctinase, No. 29AP 
(made of Monilia sp.) 


Comm(‘rciiil ])ectinaso, No. 4(>A1 
(made of Aapcrgillus sp.) 


A]>i)licd 

Dry 

Matter 

(per 

cent) 

Pectin Metlio.xylase Units 

in Di'- 
termi- 
nation 

(cc.) 

Per Cc. 

Per Gram 

5 

2.58 

0 . 033 

1.3 

10 


0 . 034 

1 .3 

2 

2.00 

0.73 

37 

4 


0.(i5 

33 

6 


0.71 

36 

8 


0.68 

34 

35 (Average) 

6 

2.00 

0.30 

15 

8 


0.38 

10 


rate of hydrolysis of the ester linkage of the monocalcium salt of mono- 

cthyltartaric acid. • t 

Kertesz and Loconti (31) have reported that precipitation of pect 

compounds by the tomato enzyme, in the presence of ^ 

methdxyl groups available had to be removed. Owing to the rapidly 
acting enzyme, most commercial tomato juices contain pectin which 

nartiallv flemctlioxylated and precipitated. 

McColloch and coworkers (32) have described a methe^ by which 

they obtained dry pectase preparations from 

arations were 100-fold more active than the most active diy ones 
prepared by other investigators. The main phases of one 
were to adjLt the comminuted tomatoes to pH 8, freeze orit the water 
and remove the ice from the comminuted tomato slurry. The cnzyi 
was precipitated from the supernatant liquid by dialysis ‘'^inst dis- 
washing ihe pulp with hydrochloric acid after the serum been 
Zovccl, and extracting the pulp with 10 per cent sodium chloride 
followed by dialysis. The precipitated enzyme was redissolvcd in 

“uL'wtt" at S:''(33, found that af/n./n .cefn^e, prepared 
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according to Mehlitz, is, at pH 5.7, about 30 times as active in the 
presence of 0.2 M monovalent cations or 0.02 M divalent cations as 
in the absence of cations, but at pH 8.5 these concentrations of cations 
have no effect on the activity. Pectase is only slightly inhibited by 
sodium pectate at pH 8.5. It is considerably inhibited at pH 5.7 in 
the absence but not in the presence of cations. The enzyme-substrate 
dissociation constant at pH 5.7 is the same (0.04 per cent) at 0.025 and 
0.2 M sodium ion. These investigators observed that pectase is 
adsorbed on Celite near pH 5 and may be eluted with the aid of dilute 
salt solutions. 

Weber and Deuel (34) observed that, when three unidentified molds 
were cultivated on a medium containing 3.3 per cent malt extract and 
0.7 per cent pectin, there was no definite ratio between the pectinase 
content of the mycelium and the medium (liquid). In one case, the 
dried mycelium contained twice as much pectinase as the liquid; in 
the second case, liquid was about 5 times more active, whereas the 
third mold produced approximately equal amounts of the enzyme in 
the mycelium and liquid respectively. 

Enzymic Production of Pectinates for the Use of Industrial Gels. 

By partial removal of methoxyl groups from pectin, the resulting 
pectinic acid forms insoluble precipitates, or gels, with calcium or other 
metals. Acids, alkalis, or enzymes may be employed as the hydrolyz- 
agents. Viscosity tests or titration with sodium hydroxide may 
be used as a measure of desirability of a given product. 

In a patent, assigned to the Secretary of Agriculture of the United 
States, Willaman and associates (35) described the preparation of a 
pectinic acid of predetermined methoxyl content and desired viscosity. 
In this process, tomato pectase is used for the partial removal of the 
methoxyl groups from any commercial pectin. The preferred pectin 
concentration is from 0.3 to 1 per cent. The pH is 6.00 and the tem- 
perature between 40° and 45° C. The reaction period is 1 to 2 hours 
The pH of the mixture is kept constant by the continuous addition of 
sodium hydroxide. The reaction is terminated by the addition of 
a strong acid in order to bring the pH to 4.00 and the temperature to 
about 80 C. The mixture is cooled below 40° C., and the pectinic 
acid IS precipitated with alcohol, filtered, and dried. This patent 

contains details for production and control. See also the articles bv 
Mottern and Hills (36) . ^ 

Baker Goodwin (37) described a method in which acid is 
employed for the partial removal of the methoxyl groups. 

Composition of “Pectinol A.” Fish and 
D^man (38) studied the composition and activities of “ Pectinols ” 
which are mdustnal enzymic fruit juice clarifiers. Pectinol A con- 
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tains about 91.5 per cent sugar, mainly dextrose and levulose. These 
sugars can be extracted with 80 per cent ethyl alcohol, an active sugar- 
free enzyme mixture being left. By means of optical rotation and 
iodine-reduction methods, it is shown that the sugar-free Pectinol A 
completely splits 10 times its weight of pectin to galacturonic acid in 
24 hours at 39° C. The pH of the reaction mixture changed from 
3.6 to 2.8. The pectase activities and optimum pH’s of various pec- 
tinols have been determined. Sugar-free Pectinol A also hydrolyzes 
sucrose, starch, and maltose. 

ENZYMIC CLARIFICATION OF FRUIT JUICES 

The manufacture of fruit juices has grown enormously. In 1939 
about 35 million cases of fruit and vegetable juices were processed, as 
compared to 2 million cases in 1931, which was the third season of 
production. This increase in consumption is due to the development 

of better processing methods. 

The object of the fruit-juice manufacturers is to make a clear, sterile, 
stable beverage which retains the food values and the flavor of fresh 
fruit. The use of sterile equipment makes possible the manufacture 
of uncooked apple juice which is kept under pressure of carbon dioxide. 
According to Charley (39), pasteurization of fruit juices should be 
carried out at a temperature which does not change the flavor, by 
passing the juice through a heated tube containing two metal surfaces 
between which an electric current is passed. Keeping quality may be 
improved by adding sugar, concentrating the juices, withholding feed- 
ing elements for yeast, and maintaining vacuum storage. 

It appears that all countries make use of pectin-decomposing enzymes 
as an aid in clarifying fruit juices. Indeed all authors agree that some 
clarification process must be applied in order to make fruit juices filter- 
able, and most of them use enzyme clarifiers. Others, however, use 
tannin and gelatin or a filter aid, such as diatomaceous earth. 

In 1922 Gusmer (40) obtained a patent for the clarification of fruit 
juices with mold diastase. In 1933 a patent was granted to Mehiltz 
(41) for the use of bacterial filters (Seitz, E. K.) in connection with 
enzymatically clarified fruit juices. He recommended the use of 
enzyme mixtures in general, such as Aspergillus oryzae and A. weritn, 
and of malt for the clarification of fruit juices. At the same time 
Willaman and Kertesz (42, 43) patented the use of the pectinases of 
A. niger, A. flavus, Penicillium glaucum, A. oryzae, A. jumigatus, A. 
parasitians, A. tamarii, Rhizopus tritici, R. nigricans, A. wentii, and 
those of malt for fruit-juice clarification. 
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Bohne (44) prepared mixtures for clarifying fruit juices, wines, and 

beer from a fungus (Aspergillus) which yielded pecteolytic, diastatic, 

and proteolytic enzymes. The fungus was cultivated in the presence 

of an albumin insoluble in cold water, e.g., gelatin or casein, until the 

albumin was converted into compounds of lower molecular weight 

which are soluble in cold water. The mixture was then worked up in 

the usual way into a dry powder. This preparation may be used with 

0.5 to 2 per cent active carbon to prevent the introduction of an un- 
pleasant odor or taste to liquids (45). 

Horovitz-Vlasova and Rodionova (46) reported that the usual 
practice of combining pectin removal with fermentation in the manu- 
facture of fruit juices is not necessary. Pectin can be destroyed with- 
out fermentation by employing a pectase-producing acido-yeast such 
as baccharomyces oxy cocci (from cranberries). Some strains of S. 
oxycocci also ferment sugars in an acid medium. By means of the 
proper yeasts the pectin and sugar fermentation can be carried out 
separately or together. Thus fruit or berry juices can be freed from 
pectin with or without the removal of sugar. In making expressed 
cranberrry juice, conservation of sugar has a commercial advan^a^e 
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At Michigan State College (47) the following method is emploved 
The apples are ground and the juice is expressed during the afternoon 
The clarifying enzyme is added to the cider in the .u 

Jl" f ^ w owiSX”- 


IjVI 


Ounces of Pectinol Required per 100 Gallon.! ott n 

Oo«, o. T,„“ 


Temperature (°C.) 

40 
60 
100 


5 hours 
» 

54 

14 


15 hours 

30 

18 

5 


30 hours 

15 

9 


48 hours 

10 

6 




• « 


O' different tem- 

Marehall (47). Figure sTlts 1 elcrofT^ 

apple cider. * clarifying enzyme on 
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According tn Fabian and ^klarshall (47), cider clarified by Pectinol 
and filtered shows little, if any, loss of color and a ncglisible loss of 
flavor. [Marshall (48), however, encountered some difficulty with 
Pectinol. Apple juice that had been treated with this product and 



: 










Fig 51 The cider in the jug at the left was strained twice through two thicknesses 
of cheesecloth. That in the jug at the right was subjected to enzymic clarification 
followed by filtration. The unfiltered product is opaque whereas the filtered one 
is clear enough so that the figures on the calendar behind it are clearly visible. 


preserved by filtration by the use of germ-proofing filters formed quite 
a heavy precipitate. He suggests that after enzyme clarification the 
apple juice either be flash-pasteurized or subjected to the ordinary 
pasteurization in bottles., Apple juice intended for cold sterilization or 
gcrni-iu'oofing filtration should not bo clarified with Pectinol. Figuie 
52 shows cciuipmcnt used by the Michigan Experiment Station in 

making cxiierimental packs of apple juices (49). 

According to Hilton (50) , tannin, gelatin, or pectic enzyme products 
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are employed in Canada for the clarification of aj)j)Ic‘ juice. The pcctic 
enzyme treatment was found to be the simplest method. Plilton found 
that stored apple juice that had been treated with “ Pectinol A (.sol- 
uble),” or Filtragol, “ often throws a light sediment after a few months 
in bottle or can.” 

A very ingenious application of the enzymic clarification procedure 
was recommended by Widmer (51 j in 1933. In his method the pectin- 



go. y.>\. r,::. - 


Fig. 52. Some of the equipment used in making experimental nn^l-c nf i • • 
at the Michigan Experiment Station ^^47'i 4 ic fl k + -i* ^ iipF^le juice 

closing machine. When the closed cans le«vn ti,;« J ^ u ^ automatic 
belt „t C, which delivc thc„ ,X coI'Td V 

moving 100 feet per minute which causes the 2n tt belt 

.00 r.p.m. wbile being m„v:5 

ase IS added to the fruit mashes before pressimr Thi« off .a r i 

n'^ecT^ colloids and decomposition of the interfeHn<r proto- 

pectins, and results in a higher yield of fruit juices. ^ 

PECTIN-DECOMPOSING ENZYMES IN WINE MAKING 

It is very important to the maker of wines tbn+ rn • , , 

MeMitr; after feP™e„‘;iti:r " 

and musts i” due mIL f toTertif 

studied this problem ta Lat detail 

ensymes completely decomposed the pecti„”i„tf loCty. “atLfat 





r 1 '.t r 1 X 1 ^ I :c\> M i ’Osi x c. f. x z y > i fs 


ir.'< 

” a 1; 1 1 'l u I'l iiiir acii!. 1 1 u'ki 111 'ni haiii and illiani> oonfiiniinp 

W idni. i'- w.nk. IcpiiikI that tlif lllu^t oi' whim ;^raiw> was most ivadily 
( li ar'll will II thr clanlviinj; iiizymc was addrii ludori' tcniu'ntation. 
A'Mitii'M "I 'he nizymc to ihr (•rti'-lu'<l ;j;fa|H s rositlual in a liiglun > ioUi 
"1 imcr ami izr< a1i i caM’ in i'rc.~>inii. Small amounts ol stiUiir dioxide, 
.nijdoyr'l to ]>n vcni iCniuiU at ion dtiriinj: sittlitiii, did lud aheet the 
p, cti.' Cnzym. Thi' was conriniu d hy He>oiu‘ and C'nioss to4l in 
commcrnal i.ractna •. 0 ^., the natural enzymes ol grapes elanly by 
;,ctiin: on the i".lie suh-i am-es. olltii yielding; brilliant, elear suiH'r- 
mitant lliiid Sonn- sami'h s of unheated ijraiie jniees of the .same type 
dll not rh ar -at i^fa(•torily. however. 

Experiments Showing the Action of Natural Pectic Enzymes (52). 
l- ive hundred eiibie eentinietei- of Museat of Alexandria and riiompson 
..edle- pne, - heate.l to .<<1 .u C. and eooled. Similar volumes of 
juice aiv not heated. To both aiv a-lded 175 tninin. of S(h_. ns K-jS-dT, 
(rontainmi: 57 lu r rent SO, t. and the samph-s are allowed to settle for 
2 days. The iinln-ati'd samples clot and settle almost elear, whereas 

the ^;llnpl^‘s rrmain lurhi*l. 

In n m ! <»f rxiMM'iinmts Ww jnirr of Snnillon prapes was cm- 

,, loved. Holb be.'ited and iiiiheated samples failed to elear. however, 

nor did all samples of Museat juiee elear satisfaelonly. Ibis shows 

the ureal variations in tin- eone. ntration of the natural enzymes in the 

uraiu* iuirr><. _ . _ 

Experiments Showing the Action of Added Pectic Enzyrnes. 

Samples of 4(K) ee. of the juess juice of Museat uraiH-s are prepared as 

'I'Tse 175 p.p.m, sulfur .lioxide, no eiizyn'f'. Allow to .stand 24 
hours. Adil pure yeast and ferment. Hack. Store. Note veloei y 

of elarifieation. r- i- i 

2. A«ld sulfur dioxide; add yeast, immediately, rotilmue as in 1 

after fermentation. ^ . • , 

3 Heat (<. 7\r C. Cool. Add yeast. Continue as m 1. 

4. Control. Do not add SOa- Hu not let settle. Add yeast im- 
tnivlitttdy. 

fi Hrni to TO"' Cool. Arid 

ft! Ad.l HOa. Add I’eetinol, 1:1000. Allow to settle 24 hours. 
Hack. Add yeast. 

7 llont I" 7B° e. Cnol. AHiI SOj and pcntlnawi. 

Br.ul(.. Numlxr 3 wn. turbid and rioudy ; I a a. mndcratrly rlear; 
H and 7 wrrr vary clear. After termentalbm, rarkinn, and 2 wceke 
" Jai,e. iTm eleLr than 2, 3, 4, and 6. Number. 3 and S worn much 
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less clear than 7. Thus the samples to which pectinase was added 

cleared best whereas the unboiled sample containing the natural enzyme 
produced only partial clarification. 

Experiments with Excessive Natural Pectin. Crushed Concord 
grapes (a red variety) are washed and boiled for 2 minutes to extract 
pectin and the blue-red color. After cooling to room temperature the 
juice IS filtered through a small piece of cotton. To 10 cc. of the juice 
10 milligrams of a pectinase preparation is added. Another 10-cc. por- 
tion IS kept as a control. The pectinase-containing sample will form a 
heavy dark blue precipitate within 4 or 5 hours whereas the control 
remains turbid. It should be noted, however, that the rate of clarifica- 
tion of the juice differs markedly with the variety. 

Semi-Industrial-Scale Experiment. Besone and Cruess have 
treated 50 gallons of Folle Blanche juice with 1 gram of Pectinol W 

ofhor '50 P^.m. of sulfur dioxide. The juice was clear in 

24 hours and was racked; it resulted in 7 gallons of precipitate which 
on continued settling, yielded 2 gallons of heavy precipitate The clari-’ 
fled J nice was fermented with pure yeast. Another lot was fermented 
with pure yeast without the addition of Pectinol. The wine made 

rermentatbn tr"t ^ 

lermentation. I he wine that was not treated with • r 

state th^'tW-ff^^"' complete. Besone and CruTss 

^^ey have no results 

The best temperature for the enzymic clarificatinn nfxx- 
15° to 21° C ^ i-iarmcation of wines is at 

Few studies are available concern in a thn, rv+n 

Wine contains oxidase, invertase, and catalase. ^ItTS^not^L^tr’ 
amylase and carboxylase ^ contain 

rr .r- 

esterification process ?he leoScalZir oVe 

attained even in wines 50 years dd(S). ^“'* esterification is not 

PECTIC ENZYMES IN CITRUS FRUITS 

Citrus juices contain pectic enzymes whieh i 

juices. Joslyn and Sedky 1561 invest' + u clear undesirable 

'oc the heat inactivation Jf 
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citrus juices. They found that heating orange juice or grapefruit juice 
at pH 4 for 1 minute at 80° C. destroys the pectic enzymes. Lemon 
juice requires only a tcmiieraturc of 70° C. under the same conditions. 
At pH 2.5 the pectic enzymes of orange juice and grapefruit juice are 
inactivated at 75° C. aiul tliosc ol lemon juice at /0° C. 

MacDonncl, Jansen, and Linewcaver (57) studied the pectase 
content of citrus fruit tissues and found that this enzyme is bound 
to the solid particles, very little being present in the edible jiortion 
of the orange or the ju'css juice of the fiavedo. Oiitimum extraction 
of the enzyme vas obtained at pH 8 and a sotlium chloride concentia- 
tion of 0.25 M. Similar to the alfalfa esterase, the orange enzyme 
is considerably activated by salts. Orange esterase shows optimum 
response at pH 7.5 and a concentration of 0.02 to 0.005 J/ divalent 
cations. For monovalent cations, a concentration of 0.12 M was 
required for highest activity and inhibition did not take place until 
a concentration of 0.4 i\/ was reached, baits also affected the extiac- 
tion, adsorption, elution, and stability of the iiectase. 


OTHER FRUIT JUICES 

Tzerevitinov found that a press juice of leaves of clover, potato, or 
alfalfa containing iicctase was effective in clarifying fruit and berry 
juices. A 0.1 ]ier cent jn'ctase i)rcss juice completely clarified, precipi- 
tating pectic acid within 6 days, whereas without added pectase 6 
months was necessary. The optimum temperature of the pectase was 
at 55° to 60° C. The optimum /iH varied with the kind ot juice, less 
acid being required for clarifying cider and more acid (pH 3.3) for 
raspberry juice (58,59). 

Charley (60) obtained satisfactory results with Filtragol, an enzyme 
which decomposes pectin at the rate of 0.2 per cent, using 2 grams per 
1000 cc. Pectin was comiiletely removed in 30 hours from strawberry 
juice, the slowest of a number of juices to respond to the treatment. 
The juice was clarified by means of a Sharpies supcreentrifugc. Filtra- 
tion was greatly aided by increasing the acidity from 0.4 to 1.1 per cent 

by the addition of citric acid. r x i 

Joslyn and Sedky (61) studied the rate of decomposition of natural 

pectins of various fruits by the enzymes occurring within these fruits: 
apples, cucumbers, oranges, lemons, and grapefruit. The decomposi- 
tion of pectin in the fruit extracts was followed by their clarification 
For the technology of fruit juices the excellent book by Tressler, 

Joslyn, and Marsh (62) is recommended. 
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THE USE OF ENZYMES IN THE MANUFACTURE OF 

FRUIT JELLIES 

Pectins, in the presence of definite concentrations of sugar and acid, 
form fruit jellies and jams. Table L\H shows qualities of various 


Fruits Con- 
taining Less 
Pectin and 

Acidf 

Apples, ripe 
Blackberries, 
ripe 

Cherries, sour 
varieties 
Fejoias 
Grapes, 
California 
Loquats 
Plums 


TABLE LVII 

Fruits Rich in 
Pectin, but Low 
in AcidJ 

Apples, kinds low 
in acid 

Bananas, unripe 
Cherries, sour 
Figs, unripe 
Grapefruit, peel 
Guavas, ripe 
Oranges, peel 
Pears 
Pie melon 
Quince, ripe 


Fruits Con- 
taining Acid 
but Low in 
Pectin § 
Apricots, sour 
Cherries, sweet 
varieties 
Peaches, sour 
Pineapples 
Rhubarb 
Strawberries 


Fruits Low 
in Pectin 
and Acid II 

Apricots, ripe 
Elderberries 
Peaches, ripe 
Pomegranates 
Prunes 
Raspberries 
Strawberries 
Over-ripe fruits 


Fruits Rich 
in Pectin 
and Acid* 

Apples, sour 
and crab 
Blackberries, 
sour 

Cranberries 
Currants 
Gooseberries 
Grapes, eastern 
Guavas, sour 
Kumquats 
Loganberries 
Lemons 
Oranges, sour 
Plums, sour 

• Make jelly easily, 
t Make jelly if care is exercised. 
t Require addition of acid or acid fruits. 

S Require addition of pectin or fruit rich in pectin. 

II Require addition of pectin and acid. 

fmits for jelly manufacture on the basis of pectin and acid content 

It is interesting to note that Baker (64), of the Delaware Agricul- 
tinal Experiment Station, discovered that edible non-sugar pectinate 

amounts of calcium salts are required for the forLtion^oUhese jdhes 
Lemon and grapefruit juice have been jellied without added sugar' 
Other fruit juices, such as strawberry, raspberry, and cherry when 
prepared by the new method with a small amount of added sugar hS 
an excellent appearance and flavor. This method, according to Bate 

trelto»rof°tht fndt''""’ Wealing jellies, diastatic 

making must be used at the stage between « greeLss ” and “ r^l- 
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ness.” At this stage the fruits contain large quantities of starch 
which becomes intermixed with the pectin and other constituents of 
the fruit juices during jiressing. Although in ripe fruits most of the 
starch becomes hydrolyzed, there is also considerable breakdown of 

pectin during ripening. 

By using diastatic enzymes the colloidal starch suspension causing 
muddy turbidities may be readily removed. Subsequent filtration re- 
sults in a clear product. 

The Diastatic Treatment, klclntirc (65) recommends the follow- 
ing method for the enzymic treatment of fruit juices used for jelly 
making. The fruits arc thoroughly cooked and then pressed the usual 
way. When the temperature has cooled to 29° to 38° C. the enzyme is 
added. This temiieraturc, however, is most suitable for a pH at or 
about 4.0. If the pH is as low as 3.0 the temperature should not be 
more than 29° C. Meintire employed 1 part of diastase to 6000 parts 
of apple, quince, or erabapplc juice (calculated by weight), and for 
pectin liquors about 1 part of diastase to 12,000-15,000 parts of pectin 
liquor. The starch content of these materials must also be consideied, 

ll () WC VCl' 

The hydrolysis of the starch is very rapid; it requires only 30 
minutes The end point is controlled by observing the changing of 
the original iodine-blue color to the definite brown or reddish brown, 
indicating that the dextrin-maltose stage has been reached. Now the 
juice is centrifuged or filtered and heated to 71° C. to destroy the 
enzyme. The juice is then concentrated and sugar is added in the usual 

The Iodine Reagent. Meintire suggests the use of the folloYung 
iodine reagent. Eighteen grams of potassium iodide is dissolved m 
100 cc of distilled water; 12.692 grams of iodine is dissolved in the 
potassium iodide solution. This mixture is made up to 1000 cc. with 
distilled water. Forty cubic centimeters of this solution is diluted 
to 100 cc. with distilled water and used as the reagent in the starch 
hydrolysis. It is of course best to determine the action of the enzyme 

on a small quantity of fruit juice at first. . -n i a 

The Effect of Commercial Enzymes on Pectin. Baker and Km - 

land (66) studied the effect of commercial diastatic enzymes on a pectin 

solution. They claim that the diastases tested by them contain some 

pcctinase. The pectinase has a detrimental effect on the viscosity an 

grade of the pectin solution. In Fig. 53 the effect of the commercial 

diastases on the viscosity of the pectin solution between pH 3.3 and 5 6 

is shown as found by Baker and Kneeland. In a pH range of 3.3 to 

6 0 at 40° C hydrolvsis is least at pH 3.3. A more acid pH than the 
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usual pH. of 5.0 is recommended for tlie hydrolysis of starch in pectin 
solutions with the aid of diasta.'^es. For details concerning fruit jellv 
manufacture see reference 67. 

Debittering Citrus Pectin. Hall (68) has prepared a new glu- 
cosidase from the leaves of the tree citrus decumana. This enzyme 



Fig. 53. Viscosity of pectin after 30-niinute activity of dia-static preparations at 

various pH value.s. 


hydrolyzes the bitter principle, nartngin, of citrus fruits, thus prevent- 
ing bitterness of citrus products. The use of this enzyme may be of 
interest to the citrus-pectin inilustry, where bitterness must be elimi- 
nated before a marketable product can be obtained. 
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CHAPTER XXVIII 

VITAMIN-DESTROYING ENZYMES 

LIPOXIDASE 

In 1928, Bohm and Hass found that seeds of legumes, such as soy- 
bean and navy bean, contain an enzyme that has the ability to oxidize 
carotene and unsaturated fats. They obtained patents for bleaching 
flour by this method. This enzymic reaction is very striking. The 
deep reddish brown carotene becomes decolorized within a few minutes 
when shaken with a suspension of ground soybeans. A vitamin-A- 
destroying enzyme has been identified in alfalfa (1). ^\ilbur and col- 
laborators (2) found that soybeans added to the ration of dairy cows 
destroyed a considerable amount of the vitamin A of milk. Sherman 
and Salmon (3) reported that excessive weathering of soybeans, result- 
ing from letting plants remain in the field 2 to 3 weeks after the seeds 
matured, caused 50 per cent destruction of the carotene. This enzyme 

is also present in Labiatae (4) and in animal tissues (5) . 

It has been shown (6, 7) that carotene oxidase, as previously 
described, does not exist, and that carotene oxidation is brought about 
indirectly by an unsaturated fat oxidase or lipoxidase. The unsat- 
urated fats arc oxidized by the unsaturated fat oxidase, and the oxida- 
tion products in turn oxidize the carotenoids. Commercial carotene 
products contain vegetable oil (unsaturated fat) as the solvent. Ciys- 
talline /3-carotenc dissolved in mineral oil is not oxidized by the oxidase 
unless a drop of olein is added to the mixture. It will be seen that 

this enzyme system is quite complicated. 

Purification and Mode of Action. Balls, Axelrod, and Kies (8) 

have purified the soybean lipoxidase. They found that crude prepara- 
tions are accompanied by a heat-stable factor, which increases the cata- 
lytic action of lipoxidase upon unsaturated fats. The purified enzyme 
was almost inactive. It became highly active when extracts of various 
sources were added. This activator was found to be of peptide nature. 
Theorcll and coworkers (9) have also purified soybean lipoxidase. 
They have shown that lipoxidase action of a soybean extract depends 
on the interaction of two different proteins, the “ activation enzyme 
and the lipoxidase. The pure lipoxidase was completely inactive on a 
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colloidal solution of sodium linolate unless this substrate had first been 

treated with the activation enzyme. Theorell’s lipoxidase system acts 

as well in the presence as in the absence of oxygen. Thus, no oxidation 

and peroxide formation of the linolic acid can occur. The Swedish 

investigator obtained lipoxidase by a lengthy method, which canmA be 

described here, in pure state. Lipoxidase is a globulin. Cosby and 

Sumner (10) reported that they have concentrated soybean lipoxidase 

60-fold, and that their enzyme preparation does not depend on an 
activator. 

Holman and Burr (11) have shown that impure lipoxida.se converts 
linoleic, linolenic, and arachidonic acids into conjugated, unsaturated 
carbonyl compounds, which di.splay a strong absorption in the ultra- 
violet region. The exact mechanism of this oxidation, however, is not 

yet known. Lipoxidase has been extensively reviewed by Siillmann 
( 12 ) . 

THIAMINASE 

Green and associates (13) found that foxes became severelv ill when 
ey were kept on a diet containing raw carjn Spitzer and coworkers 
(14) have shown that a typical thiamin avitaminosis could be iiroduced 
m chicks when 25 per cent of raw whole carp was incoriiorated into 

the w I ' «tlic>rwise adequate in thiamin, thus confirming 

the work of Green and collaborators. Spitzer and coworkers furthef 

found, by experiments, that carp tissues contain an enzymelike 

substance that destroys thiamin, and that boiling eliminates the 
destructive action. Deutsch and Easier (15) examined 31 species of 

resh-water fish in the Great Lakes region and found that the thiamin- 
ase is present in about half of them. 

Mode of Action. Krampitz and Wooley (16) have shown +ho+ i 

this reaction thiamin is split into 4-methyl-5-hydrox\^ethylthiazolc 

and 2-methyl-4-amino-5-hydroxymethylpyrimidine Sealock and 

Livermore (17) have verified this obsen.tion by demonstrating 

liberafed ThlslL^f '' '' ^'Ti! if 

iiDerated. Thus they have proved that the over-all reaction is the hv. 
nitrogen. In this reaction hydrogen is nmd.Ld • .T 

group of the water molecule is involved inV form'atloToOhe a’lcZ! 


R'CH2N+R3 -L H 2 O 


Thus, thiaminase is a hydrolytic enzyme. 


R'CH20H -b NR3 -f- H+ 



^_g VITAMIN-UESTKOYING ENZYMES 

Sealock and Gondland , 18 , ..op.„-,c.,| 

,„„s markedly dc.cx.a.ad .ha lun.vhy a, c„.„: 

,,„a,a,lcyio,U.ao.,,U,. M,l,hyd,yl. a.,, .u W 

tYdiiT'id'^ rc'^i'Uil )lnm tluiuiiin in ouc < i me , ^ . ,k;u 

t-md, .al.vl-4-,,K.,hvl,l.i,,z,,l,,,,n chhaula, .vare strongly ml. b- 

Mo", ,Ind ,19, ,V.nnd .hat ao,.a,.b„xy.asa .s aidn-ably 

:i:::;:;^ooTI.’::mad\immnna“." state. 

T,r"”r lids- ptaiana, ion tvas yallo.v and l.s 

an albnnnn nith a., .soalaa.tia P;;';;';; u, field, 

Ifiay ,„ovad t„g,.tl.a,.; ^ „t gluta- 

Sr' Agn,a",K:i';:;,‘rU.at tmannnasa a.ds on .hnnnin It .-adnaes 

the vitamin- 

enzymic destruction of ascorbic acid 

A^corlnc aald O ,nay l.a S!," 

„|,„„olas.-s ,|,a (oiana.ion o( bioloshadly 

’::,i.;::::d:,ioJv,.sinau,K,ad,.ss,i..arw 

'"'S iniec o, In. y'’!'""",!!:;;::: 

snbsiaiiccH tbal reduce ' p of .lehvdroascorbic 

„.,.t „„,.o,ble aald In.,,. Af.av .h.l.ydto- 

arhl by tliasa subs, ,uiaas ,» ,.,.d„alion of the 

;-:iS :;-hf - ^1:= 

::it,,n’'ot;:a:.Xaoi: ..y . 1 .,. 2 ,i-di,dd,.,.opha..oiindophan«. (24) . 
Sec nlHo Uic Hcclion on ascorbic, acid oxidase. 
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CHAPTER XXIX 

ENZYMES IN TEXTILE, PAPER, AND RELATED 

INDUSTRIES 

SIZING AND DESIZING WITH THE AID OF ENZYMES 

All woven fabrics contain starch and, often, other sisings, such as 
glues gums, and inorganic salts, the sitings being applied to warp 
?taeads\etore they are woven into fabrics. The P-P»- 

ance to friction during the spinning process. To increase its smooth- 
ness the yarn is also treated with some oily substance, such as wax, oil, 
paraffins or binder. Sometimes it is necessary to give the fabric an 
extra heivy weight; for this purpose a rather large amount 

to be Wealed, printed, or dyed, the sitings must first be removed^ 
Otherwise the warp threads will not adsorb the dye, whereas the fil g 
or crossing threads will. Starch siting interferes w^th «du«ng ag 

employed ;|-ng certain P^ “r^rtolrt olTtexfiles and 

rretol pl?7 at this stage. Oily sites are removed by scouring 
71777 also be°7otplished with alkalis or acids. Th^ ''lemh 

;:7:b r 

control^ than hydrolysis by acids -d - 

IrlbilSlK (—m ^ <W— n 

Co.), and Diazyme (Wolf & Co.), me suui 
the pancreas, naalt, bacteria, and molds. 

% 

Sizing 

used in sizing. 
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DiiSiziN*; 


Dcsizing of starch must be carried out in an extensive manner. The 
starch must be broken down to products tliat are rea<lily removed from 
the fabrics by water. The removability will depend on tlie nature of 
the enzyme, the temperature, and tlie nature of tlie .sizing. Sometime' 
it may be necessary to allow the enzyme to act overnight. 

Bennett (1) suggests the following method for desizing textiles. 
Two pounds of malt concentrate (Stachexol per 100 gallons of water i> 
heated to 60° C. The fabric is placed in this litpiitl for about 30 
minutes. This treatment hvdrtdvzes the starch, and onlv a washing 
is needed to complete the operation. If the sizing was heavy the 
amount of enzyme used must be about doubled, and the time mu.'t 
be increased to 1 hour. 

The progressive desizing action of the diastases can be readily fol- 
lowed by testing the textiles with an iodine solution. The iodine, how- 
ever, must be washed out again, as e\'en traces of it are \’er>' poisoimus 
to diastases. The present author found the following iodine solution 
very suitable for testing desizing: 

Stock Iodine Solution (2). This consists of 11 grams of iodine 
(c.p.) and 22 grams of potassium iodide (c.p.) made up to 500 cc. 
with distilled water. From this stock solution a dilute (working! 
solution should be made uji fresh every day. 

Dilute Iodine Solution. This requires 2 cc. of stock iodine solution 
and 20 grams of potassium iodide made up to 500 cc. with distilled 


water. 

Desizing is complete if no more color is produced when a piece 

of the material is treated with a few drops of the iodine solution. 

Sometimes, however, it is impossible to remove the last trace of the 

substance producing iodine color. The bulk, however, is always 
removed. 


FINISHING 

By employing diastases for starch hydrolysis the use of the more 
expensive dextrin can be eliminated. Bennett uses a finishing mixture 
of 50 gallons of water, 60 pounds of cornstarch (other starches are just 
as ^suitable), and pound of malt concentrate at a temperature of 
60° C. He allows 30 to 45 minutes for the reaction, after which ho 
destroys the enzymes by boiling the mixture for a few minutes. In 
an alternative method Bennett suggests that the starch and water be 
brought to 60° C. Then the enzyme preparation is added and the 
mixture is stirred for 30 minutes and boiled for a few minutes If 
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desired, the starch and water may be boiled in a steam-jacketed pan 
for a few minutes. This will burst the starch granules and will allow 
a more rapid enzyme action after adjustment of the starch solution 

with cold water to 60° C. 

Concentrated finishing solutions naturally require more starch and 
more diastase. Solutions up to 30 per cent concentration, which are 
extremely viscous without previous diastatic treatment, may readily 
be employed provided jacketed pans and revolving agitators are used. 

Epsom Salts Finishes. These finishes are difficult to prepare with- 
out enzyme-treated starch. By using enzymatically hydrolyzed starch, 
however, epsom salt finishes of any concentration may easily be pre- 

pared (Bennett). . n aa a 

Oily Finishes for Rayon Fabrics. Any “ oily finish may be adcled 

to the enzymatically hydrolyzed starch. This will result m soft, full- 

bodied fabrics. . . , , ^ 

Desizing after Calico Printing. Diastatic desizmg agents are also 

very useful in after-processing printed fabrics or in processing pre imi- 

nary to printing. The soaping and washing are aided without affecting 

shades and colors, and some materials do not have to be soaped a 

Scott (4) has described methods for testing the desizing efficiency of 
enzymes. Nopitsch (5) reported that no evidence of cellulose destruc- 
tion could be detected by various commercial diastatic enzymes. 

THE USE OF ENZYMES IN SILK DEGUMMING 

Owing to a considerable saving in the quantity of soap reqmred in 
this process, proteolytic enzymes arc often employed in the degui - 
ming^” of silk. Silk fibers arc bound together by a small amount of 
protein (gum) called scricin which is readily digested by proteolytic 
CTcs The main oonatituent of silk, the protein flbrom, however, 

is very resistant to proteolytic enzymes. 

Enzymic treatment of silk is much milder than continued exposure 
to hotf concentrated soap solutions. Degummmg imparts a light 

and fine texture to the silk. 

the USE OF ENZYMES IN LAUNDERING AND DRY 

CLEANING 

Enzvmes in Laundering. Rohm (6) found that fabrics can be 

cleaned much more easily and at low iams 

with fat- and protein-digesting enzymes. A concentration of 2 grams 



DRY CLEANING 


483 


of pancreatin per 100 liters of water gave satisfactory results. The 
textiles were not injured. 

Rohm also recommended the addition of pancreatin to the bath and 
wash water. Here the role of the enzyme is to remove fat and protein 
excretions which are deposited within the pores and serve only to clog 
them up. For this purpose, the use of 0.5 to 1 gram of pancreatin per 
100 liters of water is suggested. 

Balantine and Sons (7) mixed soap with diastase to improve its 
cleansing action. 

Altenburg (8) recommends the use of ricinus lipase as a fat remover 
in laundry work. For this purpose he prepared a stable lipase prepara- 
tion by mixing the enzyme obtained by usual methods with salts such 
as sodium or potassium sulfate or sodium borate. The enzyme salt 

mixture was dried at low temperature and defatted with ether, chloro- 
form, or gasoline. 


Enzymes in Dry Cleaning. Ausband (9) points out the importance 
of enzymes in dry-cleaning plants. He stated that by the use of 
enzymes it is possible to remove stains that cannot be removed by any 
other method. Glue, gelatin, and starchy sizings can be readily and 
completely removed from material before redyeing. According to 
Ausband, the enzyme process “ has contributed immeasurably to the 
growth of the redyeing industry.” The author suggests that, although 
most commercial enzymes contain a buffer yielding a pH close to the 
optimum of the enzyme, a colorimetric pH meter should be available 
to the dyer and the water should be nearly neutral. Traces of spotting 
aids should be rinsed from the fabrics as buffers cannot completely take 
care of excessive acids and alkalis. Indeed, many substances, espe- 
cially certain reducing and oxidizing agents, inhibit the activities of 
certain enzymes considerably. 

Gale (10) expressed similar views. He stained one sample of spun- 
rayon fabric with egg albumin, and another with a mixture of chocolate 
malt, egg albumin, and ice cream. The stained samples were studied 
under different conditions. The digestion time was 30 minutes and 
the temperature of the enzyme solution was 48° C. The enzyme' con- 
centrations were 0.5 per cent and 1 per cent, respectively. The hature 
of the enzyme used is not given in the paper. Gale concludes that the 

cleaner must take the following precautions when handling albumin- 
spotted spun rayons: 

1. Avoid overheating or prolonged drying, or local superheating of 
the spotted garment. r- b 


2. Use a warm solution of a good enzyme, and extend the digestion 
time to 2 hours if necessary. ° 
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ENZYMES IN PAPER MAKING 


Diehm (11) suggests that the enzymic conversion of starch for paper 
surfacing should be carried out by mixing the starch with cold water, 
adding the enzyme, and heating to about 70° C., holding that tempera- 
ture until the enzyme has converted the starch, and then destroying 
the enzyme by heating to 86» C. or higher. It is best to keep the 
Lution close to the optimum pH o{ the ensyme used. Conversion 
should require from 15 to 30 minutes. The advantage of enzymic 
conversion is that, with one grade of starch, the paper mill may produce 
solutions of any desired fluidity and concentration. Usually solu^tions 
TrT2 to 18 per cent are employed. The cost is lower than for chemi- 

""^^Dilltases contahiing proteases have been 

production of adhesives, and several enzyme products are o«^e mark t 

tion is to produce the most desired viscosity for the adhesive Th 
viscosity of the starch solution decreases with increasing quantities o 

^"TcTording to coating mill specialists the 

products are as efficient as any starch product employed for bind g 

'^'ZTtase may also be used in paper making. Invert sugar is 
frequen ly used as a plasticizing agent. The invert sugar is made by 
Pnzvmic L Tcid hydrolysis of cane sugar. The plasticizing funct^ 
is a property of levulose. Hydrolysis by invertase, if employed by 

Tn^ym' Thar b"d only in vecent years by the paper industry. 
Extensive studies are not available. 
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CHAPTER XXX 

THE USE OF ENZYMES IN THE MANUFACTURE 

OF LEATHER 


GENERAL CONSIDERATIONS 

The various operations which precede bating with enzymes are the 
preservation of the fresh hides and skins, trimming, soaking, liming, 
fleshing, dehairing, and scudding. Those following bating are pickling, 
tanning, and finishing. Some or all of these phases of leather manu- 
facture, however, may vary from tannery to tannery. Details con- 
cerning the various phases of leather manufacture have been admirably 
described by Wilson (1). During certain of these processes the hides 
and skins must be protected against the destructive action of micro- 
organisms. The bacteria carried with the raw hides must be destroyed, 
and new growth must be prevented. The fresh hides and skins used 
in leather manufacture are preserved (cured) by salting, by drying, or 
by a combination of these two methods, by pickling, and, of course,’ by 
the use of disinfecting agents. Apparently one of the most successfully 
applied disinfectants in this connection is chlorine gas, and a special 
chlorinator has been developed for the treatment of tannery soak 
waters (Wallace & Tiernan Co., Newark, N. J.). 

_ The fibrous part which consists of collagen is the protein that is made 
into leather. Solutions of lime have been used for hundreds of years 
as dehairing agents. Lime adversely affects the skin only slightly. 
The composition of a solution of lime liquor is readily controlled. At 
21° C. a saturated solution (iV/20) has a pH of only 12.5. Dehairine 
with lime is a slow process, lasting 1 to 4 weeks. However it waf 
mund years ago that the addition of certain sulfides to the lime liquor 
hastens the reaction considerably. Sulfides loosen S-S linkages 
changing them to SH linkages, and the insoluble protein is thus changed 
to a soluble one. When properly controlled the collagen is not ad- 
versely affected by this reaction. Besides sodium sulfide and hydro- 
sulfide, arsenic sulfide, dimethylamine, and other compounds have 
also found use as “sharpeners ” of lime in dehairing. It is important 
to be acquainted with the composition of the agent which was employed 
for dehairing before using an enzyme-containing bate. Inadequate 
washing of the dehaired skins and hides may result in inhibition of 
enzyme action by toxic chemicals adsorbed on or combined with the 
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DEHAIRING WITH ENZYMES 


Various improvements have been siissested for the use of enzymes 
ft)!' tlie dehairing of hides and skins. Neugebauer (2t treats hides and 
skins simult aneously or successively vith an alkali-metal sulfite, using 
ii proteoK'tic enzyme in conjunction with a heavy metal salt uhich is 
said to act as an accelerator. One ]iart ot copper sulfate per 10,000 
j)ai'ts of solution, jiccoi'iling to the author, has a consiileiablc effect. 

The following are examples of Neugebauer's method: 

1. Soideed calf skins or .skins of other animals are treated for 20 
hours id about 20^ C. in a solution of 10 kilograms of sodium sulfite, 
10 kilogriims of sodium bicarbonate, 0.3 kilogram of copper sullate, 
iind 4 kilograms of pei)tone per 1000 liters of water. For prewention 
of putrefaction, the use of 0.1 per cent of :\n active disinfectant such 
iis U. S. patent 1,919,293, known by the tnide name Preventol tl. I, is 
suggested. The skins are rinsed for a short time and then left tor about 
20 hours id. 20° (■. in a bath of the following comiio.sition : 0.7 kilogram 
of u commerciiil (Uizynu' prepiiration from liticilliiK incsciiicricuf^, 10 
kilograms of sodium biciirbouidc', 1 kilogriim ol Prc'veidol 11. I, and 1000 
liti-rs of Wider. The skins are then freed from hiiir. Instead of 
peptone, 10 kilogriims of Ifi iier cent aqueous ammonia or a suitable 
iiinino acid, an amine, a salt of an oxyacid, or thiourea may be 
employed. If desired the thiourea may be omitteil. About 100 kilo- 
grams of skins niiiv be treated with these liquors. 

2. Soiiki'd ciilf skins iire treated for 20 hours at room temperature 

with a solution of 10 kilograms of sodium sulfite, 10 kilograms of 
sodium biearboniite, 3 kilograms of sodium nitrilotriacetate, and 2 
kilograms of copper sulfate in 1000 litm-s of water to which is a.kled 
about 0.1 lier cent of I’nwentol fi. I. After the sulfite bath the skins 
lire rinsed for a short timi' and then imuu'rsed at 22° C. in an enzyme 
bath of the following composition: 0.1 kilogram of panereatin, 10 kilo- 
grams of sodium bicarbonate, 1 kilogram of Preventol 11. I, and 1000 
liters of water. The skins remain in this bath for about 20 hours. 
Instead of the panereatin another proteolytic enzyme may be used, for 
example, an enzyme obtained with the aid of Bacillus mcscntcncus, 

Aftpcrgillus oryzae, or A. flaws. 


dblimino with mineral acids preliminary to bating 

After debairing, washing, and scudding, deliming with mineral acids 
(mostly hydrochloric acid is used) is important but not practiced by all 

tanneries. 
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Grasser (3) studied the velocity of the deliming of limed pelt. He 
found that, of a series of acids and mixtures of inorganic salts and acids, 
sulfuric acid showed the quickest deliming action. 

Stiasny (4) considers the following factors most important in de- 
liming and bating: Weak buffer-forming acids such as lactic, formic, 
butyric, and boric acids, as well as acid salts (bisulfite), acid an- 
hydrides (lactic anhydride), ammonium salts, ammonium chloride, 
sulfate, or lactate, and sugarlike materials may be used for deliming.' 
Concentrated salt solutions, however, have a destructive action on the 
hides. Ammonium sulfate is better for deliming than ammonium 
chloride, which forms calcium chloride which has a stronger peptizing 
action than calcium sulfate. The presence of ammonium salts, how- 
ever, IS not necessary for the bating of neutral stock. A buffer such 

as sodium carbonate should be used to furnish a slightly alkaline 
pH (8.0) if trypsin is used as the bate. 

According to Wilson (1), the pH of the solution during acid deliming 

should be left at 5.0 and never be allowed to go below 4.7. Equilibrium 

should be reached from 30 to 90 minutes after introduction of the skins 

(calf) to the solution. This varies according to the lime content of the 

stock. After the deliming process the skins are ready for bating 

Wilson recommends the pH control of the solution after the addition 

of the enzyme bate. The solution is to be kept at the optimum pH of 

the enzyme - a very important suggestion indeed, since there is a 

tendency to a shift to the alkaline side of the pH scale during bating 

especially If the acid-dehming step has been omitted. It should be 

noted in this connection that commercial bates contain ammonium 
salts which are powerful buffering agents. mmonium 


bating with enzymes 

deha.e, p.Lpy 

this the early tanners kept the dehaired skin« o ^ acnieve 
the dppgs of dogs or bir^ds. Now"; "ZfiTarr- 

1000 carloads. consumption is probably 

Wood (5) was the first to show that the bating f .u 

pleasant dungs was caused by the enzymes xirhfoh ^ 

He demonstrated that the dungs contained nensin + contained, 
and lipase. In 1898 Wood (6) nrenarerl ’t amylase, 

precipitating an aqueous extract with alcohor”To™ftis en^e he 
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added aramoniuni sulfate and found that it acted as an ex.'.Hent bale 
As a result of Wood's inipurtant investigations tlie fiis-t (•oniinercial 
bate, called Erodin. was jirepared; cultures of Bardins (:rud,cns were 
used as the source of enzyme material i7l. The bacterial cultui'cs 
ivere adsorbed on wt'oil nuad and mixed with ammonium chloride. In 
1907 Rohm (8) luRented the application of a mixture of a pancreatic 
extract and ammonium salts as a liating agmit. This product bcire the- 
trade name Oropon. Priority claims concerning the application of 

enzymes to bating were later disputed (9, 10). 


The Mechanism of Bating 

The main function of artificial bates is to remove degradation 
products of hair, glands, epidermis, certain coagulable tissue proteins, 
Ld reticular tissue, which were not removed in previous operation^ 
This can be accomplished only by enzymc-contaming bates. The pti 
of the bating solution should be as close as possible to the optimum 
pH of the enzvme contained in the bate. The time and amount of 
Lzyme required vary with the nature of the skins and hides. Skins 

and hides appear quite different after picklmg and 

process has been omitted (11). The unbated material has a thick 
spongy, and irregular grain surface, distinctly noticeable on the finished 

'“Ce's containing ammonium salts, reacting with the calcium hydrox- 

ide attached to the collagen, liberate ammonia and thus always res^^ 

in an alkaline (pH 8.3 to 8.5) solution: Ca(OH )2 + ~ 

CaClo + 2 NH 4 OH. For proper bating it is best, therefore, to ^ 
the suggestion of a number of prominent leather chemists and delime 

ihf' stock with acidified water. j t 

Although bacteria played an important role in the earlier ”'‘>>'>‘1® 

bating now their interaction during bating should be eliminated Th 
e^ect o? the enzymes on collagen fibers is negligible unless bating is 

nroloneed much longer than is necessary. u x 

The removal of the epidermal degradation products by 

enzyme cannot easily be followed up by microscopical study. Thes 

protons are precipitated when treated with dilute acids. Unhainng, 
scudding, and washing operations do not remove all these proteins a^ 
the unremoved ones remain adsorbed on the dermostatic layer to form 

jelly like solutions. 
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Bating as Carried out on Various Stocks 

Skins as used in the United States differ greatly. Most goat skins, 

for instance, are imported and are in the dry state. The tanner must 

first experiment to determine the best conditions for each kind of 

material in question. Dry stock requires a more extensive procedure 

than soft material, and goat skins require a more drastic action than 

calf skins. Heavy hides, such as steer and cow hides, which are used 

for the production of sole or belting leather, are sometimes bated with 

enzymes but are more often partly delimed by chemical treatment. 

According to Wilson, however, the bated finished products are of higher 
quality. 

Calf skins used for shoe uppers or other purposes are always bated 
with enzyme products. Bating plays a very important role in the 
manufacture of fine glove leather from lamb skins. 

It IS not very difficult to apply a certain bate for a particular skin. 
Although some indications of the progress of bating may be obtained 
at the end of the bating experiment, final conclusions can be drawn 
only after examination of the quality of the finished leather 

In the following are a few examples of bating procedures as given 
by Wilson (1). 


Deliming and Bating Calf Skin 

A 500-pound pack of unhaired, scudded, washed, and cheeked calf 
skin IS placed in a 2500-gallon paddle vat filled with 1900 gallons 
of fresh water at 26° C. A solution of dilute sulfuric acid is made up 
by adding 1 pound of concentrated sulfuric acid per gallon of water 
This acid IS added while the paddle is running. The pH is measured 
very 5 minutes. More acid is added whenever the pH is above 5 0 • 
great care is taken not to allow the pH to ‘become more acid than 4 7 
The adjustment of the pH is continued until two successive readings 

acid required is ascertained on the first few packs ; after thfs the process 
becomes simplified. The amount of acid varies from 10 to 50 pounds 
The time varies from 30 to 90 minutes. The paddle is run continuously 

vat for bating. The bate is prepared by leaving t. r f 

gallons of the liquid from the previous lot and hv 500 

gallons of freshVater and [I' d'X “T p “ 

placed in the licjuid and the temperature irbrought to C The 

paddle is allowed to run for 90 minnfzsa 1 • 1 ^ 
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removed. Wilson found that the finished product was best when the 
/jH was kept at 7.4 by the addition of some sulfuric acid. 

After this operation the stock must be pickled or tanned, whichever 

is required. 

Bating Goat Skin 

A pack of 1600 pounds (dry weight) of goat skin which have been 
limed, unhaired, and washed is delimed by the same method as that 
described above for calf skin. Fifty pounds of Oropon A and a bating 
time of 3 hours are employed for soft skins, and 100 pounds of Oropon 

A and 5 hours for the hardest skins. 

After the skins are removed from the bate they are scudded and 

washed with running water at 21° C. in a drum for 30 minutes, and then 
pickled or tanned. 

Bating Sheep Skin 

The dewooled and limewater-treated stock is placed in a paddle 
vat for bating. Five thousand pounds of limed weight stock is placed 
in a paddle vat of 2500-gallon capacity containing 1900 gallons of 
water at 40° C. The paddle is run continuously. Seventy -five pounds 
of Oropon A is added, and the temperature is raised to 38° C. ^ Here, 
too, Wilson suggested first the deliming of the stock with sulfuric acid, 
as in the case of calf skin, and the maintenance of the pH close to 7.4. 
The time required may be 90 minutes or more. After bating the stock 
is washed in a drum for 2 minutes with running water at 21° C. and is 

taken to be pickled or tanned. 


Bating Hog Skin 


Hog skin is seldom bated. Wilson claims to have obtained good 
results by applying the same method as for calf skin and by doubling 

the Oropon concentration. 


Bating Steer Hides and Other Stock 

As a rule steer hides for sole are not bated. Methods have been 
devised for this purpose, however. The resulting finished products are 
said to have a finer grain and to be better tanned. Kangaroo skms and 
other types of dry skins may be bated with good results by methods 
described above, only slight modifications being necessary (12). 

It is important to note that optimum conditions for bating vary with 
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■the stock, and for best results the tanner sliould make adjustments 
according to the nature of the stock. 

In the United States the following companies proiluce enzyme bates 
for the leather industry: American Cyanamide Company, American 
Extract Company, Jaques AVolf and Company, L. H. Lincoln Company, 

Rohm and Haas Company, Schwarz Laboratiu-ies, Inc., The Martin 
Dennis Co., and Wallerstein Laboratories. 


Enzyme Sources for B.vtes 

Since the early researches (13) numerous articles and jiatents dealing 
with improvements in the preparation of bate enzymes lun-e api)eared 
These are, of course, all based on the classical work of A\'uod and of 
Rohm. Some of the most important work will be discussed in the fol- 
lowing pages. The action of all these preparations is based on the 
proteolytic and lipolytic enzymes they contain. 


Bsctenal Enzyme Bates 

The first commercial bate was prepared from cultures of 
erodxens in 1896 (7) ; its trade name was Erodin. The cultures were 
adsorbed on wood meal and mixed with ammonium chloriile. As ha^ 
been stated above, this product was developed as a result of the bas*ic 
finding of A\ ood, who had shown that bacterial enzymes and ammonium 
sulfate may be used as a bate with excellent results. 

In 1896 Popp and Becker (7) prepared a bate by using the bacteria 
of dog and bird feces for the inoculation of media. They had previ 

tiytroywl ty short boiling of the medS, and 

improved t; vUm adT" 

steStaTd'e’/aljff obtained bv 

ping decayed fish in nutrient solutions. AA^allerstein flfif nro 

pared an enzymic liquor by growing bacteria of the viesentericZ or 
for the simultaneous dehairing and bating Jf hid^ T| "ul,""’'’'””'' 

pH 8 to 9. Others used cultures of Bacillus meoatherium s,S7 n 
aetive bate by isolating Badllu. .rkaenZlZt sleaMWd'rand 
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inoculating it into split leather hide. After 6 days the hide was washed 
with acetone, dried, and powdered. 


Bates Containing Pancreatic Trypsin 


In 1907 Rohm (8) obtained a German patent, and in 1908 an 
American patent (19), for the application of pancreatic, extract and 
ammonium salts in bating. This product was given the trade name 

Oropon. 

The use of Oropon and other enzyme bates during the early part 
of this century has completely eliminated the old-fashioned methods 

of bating. 

According to Eitncr (20), the Oropon bates of Rohm and Haas 
contain pancreatic extract absorbed on straw meal wdiich has been 
dried and reground. The preparation contains trypsin and ammonium 
chloride. It is made by varying these components to suit the work 
with various hides. Payrache and Bailly (21) used a mixture of 

pancreatin and intestinal enzymes as a bate. 

Kubelka and Ncmcc (22) found that the artificial bates contain, m 

addition to the enzymes, 60 to 80 per cent ammonium sulfate and 12 
to 20 per cent wood meal. The role of the wood meal is to transfei 
the adsorbed enzyme to the skin during bating. The skin adsorbs the 

enzyme from the wood meal. 

According to Wilson bating should be carried out, with trypsin- 
containing bates, at the optimum pH of trypsin. It should be noted, 
however, that crude trypsin, or pancreatin, is a mixture of a group o 
proteolytic enzymes which appears to have an optimum pH of 8.3, 
whereas pure crystalline trypsin is a single enzyme with an oP^^i^um 
pH of 7 4 To obtain the optimum pH, sulfuric acid must be added 
to the bating liquor every 2 or 3 minutes during the entire period of 
bating. Wilson (23) suggests the use of sodium metaphosphate, 
sodium pyrophosphate, or a mixture of the two, or acid pyrophosphate 
as a buffer when sulfuric acid is used for the adjustment of the pH o 

the bate. 

Mold-Enzyme Bates 


Krall (24) cultivated Aspergillus oryzac on rice, elastin, and keratin. 
To this culture bating salts were added, and the mixture was used as a 
combination dehairing-bating agent. Gerngross (25) cultiviUed A. 
oryzae on bran. To the aqueous extract of the bran ^ 

added ammonium sulfate and employed it ns a bate. LePetit (26) 
used cultures of A. oryzae, Pcnicillium, and Mucor for dehairmg hides. 
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Papain Bates 

The use of papain as a bate lias been by a number of 

authors (27, 28 1 . Pickard (29 1 propo.sed ;i procc.'-s foi' " sciakiiif^ 
back ’ hides and skins wliicli lia\'c been suii-di'iccl, and ini' <li'icil 'kin* 
of animals which have died instead of bein« slauKliiered. 'Die hard- 
ened skins are inucli more difficult to soak back, an<l tryp.-in is niieii 
used for this purpose. According to Pickard’s method, pajiain nr 
bromclin may be u.scd instead of trypsin. 

Example. The bate consists of pajiain, 1 kilogram ; soda ash, 4 kilo- 
grams; ammonium chloride, 1 kilogram; dextrin, 13..a kilngrams; w.hhI 
flour, 0.5 kilogram. The 20 kilograms of the mixture is dissiplve.l in 
4000 liters of water at 40° C. Two kilograms of sodium sulfate is 

added per 4000 liters of water. One thousand kilograms of skin may 
be treated with this mixture. 

The skins are tumbled or drummed in this liquor for an hour nr two. 
If they are a resistant type they may be “ broken on beam ” to facili- 
tate the penetration of the enzyme. They are then returned to the 
liquor and drummed or left lying for 2 to 4 hours at 40° C. .\s a result 
the skins are soaked back in a short time. They are better prejiare.! 

for subsequent processing, and their quality approaches more closelv 
that of the slaughtered animals. 

Owing to the high price of papain this improvement is used as a 

supplement to trypsin in a concentration of not o\ er 0.25 per cent of 

the bating solution. Bromelin, fig, banana, or mulberrv jirotea^es niav 
also be used as a supplement (30). 

Example. Five hundred kilograms of goat skins are limed, dehaired 
washed, and drained. They may be partially delimed bv lactic acid 
or other deliming agents, and then paddled or drummed ai 40° C with 
1250 liters of water containing approximately 3'U kilograms of the 
pancreatic enzyme bate known as Pancreol 5A, 20 grams of refined 
papain, and 75 grams of fused sodium sulfide (unless sufficient sulfide 
has already been used in dehairing). The bating is completed after 4 

a temperature of not less than 35° C. This improved method 
yields leathers in which the growth marks are reduced; the “ spread ” 

IS improved; there is increased “ fullness " as well as finer grain Also 
the skins are more receptive of the tan and take the dye Ire evenly 

that the concentration not exceed 0.25 per cent 
of vegetable enzyme m water 
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Other Bates 

Cathepsin, Geigy (31) employed as a bate aqueous extracts of 
various animal organs containing cathepsin, to which reducing sub- 
stances were added to serve as activators. 

Pepsin. Pej^sin cannot be employed for dehairing or bating since it 

attacks the collagen (32). 

Lipase. Burns (33) recommended for bating purposes a brei of 
castor beans because of their lipase content. He used the following 
mixture: 199.5 povinds of water, 55.33 i')ounds of castor bean bici, 2.5 
]) 0 unds of sodium sulforicinatc, and 12.5 ia)unds of manganous sulfate. 

The antiseptic employed was sodium fluoride. 

In the medium of dilute hydrochloric acid or dilute organic acids 
(formic, lactic, or acetic acid) Altenburg (34) used li}')asc-C(.)ntaining 
j)lant materials, such as castor beans and sunflower seeds, in conjunc- 
tion with fat emulsifiers, such as sodium jdiosphate. 

Keeping Quality of Bates. Ivubelka and Nemec (35) analyzed 
samj^les of commercial liates which had been tested 1, 5, or 10 years 
previously. Only lU'oducts containing 60 to 80 per cent ammonium 
sulfate and about 20 per cent wood meal were selected. During the 
first ycair there was 25 to 40 ))er cent U)ss in enzyme acii^it\. Aftci 1 
year, however, the activity of the sami>les remained constant. The 
kub('lka-\Vagn(M’ (36) modification of the Fuld-Gross casein method 

was employed in these tests. 


Method ran the F]stimation of Proteot.ytic Activity of Bates 

1 

The princij)lc of this method (Lohlein-Vollianl) (37) is as fellows. 
Casein which lias been dissolved in hydroohleric aeid and iirecipitatcd 
with sedinin sulfate releases a certain amount of liydrochleric acid 
whicli may he estimated by titration with alkali. On di^ostion of the 
casein there is a corresponding increase in the liberated hydrochloric 
acid. The increase of liberated hydrochloric acid is jiroportionatc to 
tlie trypsin content of the bate, or to that of another proteolytic enzyme. 
Solutions. 1. Alkaline-casein solution; 40 grams of llammerstein 
casein dissolved in dilute sodium hydroxide and ailjusted to pll 8.40 

and diluted to 1 liter. 

2. - N/5 hydrochloric acid. 

3. 10 per cent sodium sulfate. 

4. 0.1 per cent a-nuplitliolphthalein in approximately 50 per cent 
alcohol. 

6. A/10 sodium hydroxide. 
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Procedure. Into a 50-co. flask 0.1 f^rain of t)ate is wci^hi-d. To 
this is added 10 cc. of water; the solutinn is kejtt at 37 ( '. \ny ]:> 
minutes. Then 5 cc. of the alkalinc'-casein soluliim is addcfl and 
the mixture is permitted to di^t^st foi* 1 Imur. At the end of 1 hour 5 ee. 
of N/5 hydr()cldt)ric acid is added to stop enzyme action. Thiui 10 cc. 
of sodium sullate solution is udde<l to i)!‘ecipitate undi,ae>ted casein. 
After several minutes of cooling the mixture is filtered. To 10 cc. of 
the filtrate, 1 dro]) of indicator is added, and the solution is titrated 
until the first definite color change. By also titrating tw<» blanks, the 
bound and unbound hydi-ochloi*ie acid may be detei-mine(i. 

The Tico Blanks, (a) To o c(*. of casein solution lOcc. (»f water and 
10 cc. of sodium sulfate are added, and tlie freed liydrochloric acid is 
estimated in the filtrate as in the orijz^inal bati'-c<iiitainin‘^ diLa*>T. 

i” M 

ib) In the second blank only the hate is titrated without the casein. 
By this titration that portion of the sodiinn hydroxi.le which corre- 
sponds to the annnoniuin salt content of the bate is obtained. Both 
blank values are subtracted from the first titration. The batiin: \-aIiie 
is expressed as cubic centimeters of A' 10 sodium hydroxide ecpiiN-alent 
to the digested casein and calculated [ler gram of the bate. \\'lien this 
method is used the optimum pH of Oropon is at pH 8.3 (38i. 

Other methods for testing bates are the Fuld-Oruss (36) method 
and the formol titration method. 
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CHAPTER XXXI 

ENZYMES IN OTHER INDUSTRIES 

ENZYMES IN TOBACCO MAKING 


Tobacco makinp may be ilivitlcd into two main j»hases; ainl 

fermenting. Drying, luttli natural and artificial, inehnie?- the -u-calleii 
hungei peiiod anil the dehydration periml. The hunger period i' of 
sshort duration; it brings about the destruetion of the eill.<. During 
both the hunger period and the dehydration i>eriod the important 
enzymic decomposition of carbohydrates, proteins, pectins, and chloro- 
phyll takes place. A brown pigment forms as the result of the enzymic 
oxidation of the glucoside rutin. Bacterial action has no influence on 
these autolytic reactions (I). Projier fermentation is neces>arv to 
obtain tlie desired aroma of the finished proiluct. 

Proteolysis. Incompletely autolyzed tobacco jiroteins release un- 
pleasant odors on burning, whereas the products of protein hydrolysis 
do not. Proteolysis is considerable during the drying jieriod (21 

Nicotine Destruction. Fodor and Reifenberg (3» have shown that, 
during fermentation, enzymic nicotine destruction takes place and the 
maceration juice of tobacco could ahso split nicotine. 

According to Barta (4) there is a relationship between the catalase 

content of tobacco and the loss of nicotine during fermentation. 

Tobacco with high catalase content shows a decrease in the nicotine 

content after fermentation. The enzyme catalase itself does not act 

on pure nicotine. Thus the catalase effect must be an indirect one 

Peroxidase and oxidase concentrations are of no importance in this 
respect. 

Bodnar and Barta (5) studied the mechanism of nicotine breakdown 
tong fermentation and concluded that pyridine, ammonia, and 
methylamine are not formed during the process. They suggest that 
nicotine is destroyed by certain oxidizing enzymes 

Neuberg and Kobcl (6) found that the slightly 
^or is intasified by the addition of hydrogel pTxWe in^Len JI- 

Ko^.^nrow^ 
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dried tobacco the enzymes are not destroyed. In this process the water 
is expelled by gradually heating the tobacco leaves to a maximum tem- 
perature of 100° C. and then gradually cooling tliem. The procedure 
requires 60 minutes. The enzymes amylase, invertase, phosphatase, 
pectase, glycolase, and ketonaldehydemutase were studied. 

The Effect of Sugars on Tobacco. Glucose and fructose, which are 
products of tobacco fermentation, as well as added glucose, increase the 
quality of the finished product (8). In common with other plants, 
fresh green tobacco leaves have also the ability to change 6-carbon 

sugars (hexosediphosphate) to 3-carbon sugars (9). 

Artificial Fermentation. Sweating tobacco leaves inoculated with 
cultures of DchavyomycGS nicotiana and of Alicvococctis sp. improved 
the aroma of the product. The nicotine content of the cigars obtained 
from the leaves inoculated with the organisms was 5.12 to 5.38 per cent, 
whereas the untreated control leaves had a nicotine content of 6.25 to 
6.38 per cent (10). Street (11) noted that the addition of yeast had 

a beneficial effect on tobacco fermentation. 

The Tobacco Virus is Not a Living Thing. It is interesting to note 
that Ryshkow and Sukhov (12) found that the virus of tobacco mosaic 
showed negative results when tested for the following enzymes: oxidase, 
peroxidase, catalase, protease, asparaginase, urease, amylase, chloro- 
phyllase, and phosphatase. This property of the virus is in contrast 
to the usual characteristics of living things. The findings of the 
Russian investigators, however, do not rule out the enzymic nature of 

the virus. 


ENZYMES IN THE PREPARATION OF DRUGS 

Desirable Enzyme Actions. The enzymes continue to act during 
the harvesting and drying of the drug-containing plants and, in some 
instances, also during preparation and storage. Enzyme action may 
be cither beneficial or detrimental to the final quality of the drug. 
The liberation of mcthylsalicylate in the leaves of Gaultheria procuni- 
hens, of cugenol in Geum urbanum, the mustard oils, and the odor of 
certain flowers (13) become evident only after enzyme action has 
taken place. The fresh fruit of Vanilla planifolia and po 77 iporM is 
almost odorless. It contains glucovanillyl alcohol which is acted 
upon by oxidases, which convert it to glucovanillin. Glucovanillin 
is hydrolyzed to glucose and vanillin by a glucosidase (14, 15). In the 
preparation of these products, especially some perfumes, enzyme action 
is indispensable, and natural or artificial heat is employed to accelerate 

onzyinc activity. 



LIPASE Iisr THE FAT INDUSTRY 


499 


Wiechowski (16) claims that he obtained a higher active ergot 

preparation by the application of yeast fermentation. 

Undesirable Enzyme Actions. Rapid heating or rapid removal of 

moisture is, of course, the simplest method for preventing destruction by 

enzymes. A radical pH change or the use of enzyme inhibitors may 

also be applied. Since enzymic catalysis requires water, maceration of 

the plant with lactose which absorbs the water may also be emoloved 
(16). 


By the procedure of Wiechowski the enzymes are salted out from the 
plant extracts with ammonium sulfate and the drug is extracted with 
a water-insoluble organic solvent. Stoll (17) successfully applied 
this method to the study of the digitalis glucosides. Water- free organic 
solvents such as absolute alcohol are also being used for the prepara- 
tion of enzyme-free extracts of glucosides, ethereal oils, and perfumes. 

Products obtained from slowly dried squill are physiologically in- 
active. From the heated plant, however, active preparations may 
readily be obtained (18). The heart glucoside zymarin of Strophan- 
thus komba is changed by enzyme action to an inactive isomer allo- 
glycoside (allozymanne) (19). To destroy the enzymes it is neces- 
sary to heat the plant for 30 minutes at 80° to 100° C. 

The characteristic odors of many plants such as radishes, cress 
scurvy grass, and garlic are produced by the action of glucosidases on 
odorless glucosides. Most plants that contain glucosides also contain 
g i^osidases. To prevent hydrolysis the enzymes must be inactivated 

Ihe latex of Papaver somniferum contains oxidases that have a 

destructive action on opium (20) . The enzymes are also present in 

some commercial extracts, and they continue to act during storage 

^su ting in the destruction of considerable quantities of the alkaloids’ 

Heat should be used m the preparation of the extracts in order to 
destroy the enzymes. 

Many undesired color formations {Cinchona, Mentha piperita etc ) 

may be prevented by heating the plant in water for 60 min” a at M “ C 
before processing. ^ a l ou 


THE USE OF LIPASE IN THE FAT INDUSTRY 

Connstein, Hoyer, Wartenberg, and others (21) have shown 
castor beans owmg to their high lipase content, may be used L 
mdnstrial hydrolysis of fats Into glycerol and fatty aLs. 

Procedure (21). Peeled castor beans are ground nn wi+K 7 

r T The mfxtnr^is L?t“ 

40 0. a few days. This effects a hydrolysis of the natural 
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fats as shown by a considerable increase in the acidity, oi the jnixtujc. 
The acid formed must be occasionally neutralized. A ,-liglitly aci<i y>ll 
is necessary, however, for the action ol the ricinus lii)a>e. It i.-; best to 
adjust the mixture at the beginning of the reaction and continue to do 

so until all the fat is hydrolyzed. 

The addition of 0.15 to 0.20 per cent of manganous sulfate acts as 
an accelerator of lipolysis, and an excess is not hannlul. The sele ction 
of the castor beans is of major importance. 1 he peeleil bean.> must 
not be brown or defective, since such beans contain little lipase. A 
quantitative lipase test must be applied before a purchase for industrial 

production is made. 


THE USE OF CATALASE IN VARIOUS INDUSTRIES 

Vita-Zyme Laboratories, Inc., offer a concentrated catalase solution 
for the use in connection with the bleaching of furs, textiles, woods, 
fruit, and feathers, with hydrogen peroxide. Their product is also 
recommended to be used in decomposing hydrogen peroxide employed 
in the manufacture of floating soaps, foam rubber, and cake baking, 
and for destroying hydrogen peroxide when used as a preservative in 
the preparation of gelatin, milk for cheese, and drinking water. 

THE ROLE OF ENZYMES IN SEWAGE DISPOSAL 

Microbes and the enzymes secreted by them play an important role 
in the purification and disposal of domestic and industrial sewage. 
According to Buswell (22) all organic wastes are submissive to biologi- 
cal treatment. Chamberlin (23) reported that the amounts of lipase, 
amylase, and pepsin present in sewage are closely related to properly 
seeded mixtures from the standpoint of gasification. Rennm and 
trypsin occur in concentrations not related to the gas curve. The 
addition of enzymes, with the exception of lipase, to properly seede 
mixtures does not affect the gas curve. Lipase was the only enzyme 
that brought about an appreciable and favorable change in the physical 
condition of properly seeded or fresh solid digestion mixtures. Cham- 
berlin concludes that it may not be possible to effect a more favorable 
action of the other enzymes even if optimum conditions could be main- 
tained and that in any case it would not be feasible or economical. 

Rudolfs (24) studied the effect of adding trypsin, lipase, and other 
enzymes to fresh solids and fine screening and to activated sludge in 
order to find out their effect on liquefaction, drainability, and gas and 
odor formation. Optimum conditions for each enzyme were main- 
tained. Only trypsin and lipase gave promising results. 
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The experiments of Wooldrige and Standfast (25) showed that the 
most important factor in bio-oxidation of sew'age is a series of catalytic 
oxidation-reduction reactions brought about by the enzymes of living 
and dead cells. 


Buswell (26) showed that a fuel gas can be produced by the anaerobic 

fermentation of the solids precipitating out of domestic wastes. The 

quantity of gas made available apparently justifies its collection for 

use. The amount of gas so produced, however, is too small to supply 

the needs of a community. An average of 150 analyses of the gas 

showed that it consisted of 64 per cent methane, 28 per cent carbon 

dioxide, 3.4 per cent hydrogen, and 4.3 per cent nitrogen. It had a 
heat value of 640 B.t.u. per cubic foot. 
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MICROBIOLOGICAL METHODS FOR THE ESTIMATION 

OF VITAMINS AND AMINO ACIDS 

Many vitamins necessary for animal life are also required for the 
metabolism of the lower organisms. This principle has been success- 
fully applied to the assaying of vitamins by employing certain yeasts 
and bacteria. These microorganisms are exceedingly sensitive to 
minute quantities of the vitamins. The results are accurate, inexpen- 
sive, and much more rapid than the animal assays. Thus, for the assay 
of thiamin the increase in carbon dioxide formation effected by using a 
certain type of yeast as the test organism is the basis of the test. For 
six B vitamins the titration of the acid formed by Lactobacillus casei 
is employed as the basis of the test. Similar methods are applied by 
using other organisms for the estimation of other vitamins and of 

amino acids. 

DETERMINATION OF THIAMIN BY THE YEAST 

FERMENTATION METHOD 

This method was developed in the Fleischmann Laboratories by 
Schultz, Atkins, and Frey (1). It is one of the best microbiological 
methods for the estimation of thiamin. The principle of the procedure 
is that the addition of thiamin to certain commercial bakers’ yeasts 
which are poor in this vitamin show an increased fermentation rate. 
Under suitable conditions this method is highly specific. The only 

interfering substance is 2-methyl-5-ethoxymethyl-6-aminopyrimidine. 

The corresponding 5-hydromethyl compound is a product of hydrolysis 
of thiamin. It is also active in this reaction. This type of substance 
does not occur in nature to any extent except in urine and may be 

eliminated by sulfite treatment. . . . j . 

Procedure. Two preparations are made of each sample to be tested, 

one is treated with sulfite and one remains untreated, and their action 

on fermentation is determined. The difference, expressed in terms of 

pure thiamin chloride, is taken as the basis for determining the 

thiamin content of the unknown. , j 

Preparation of the Unknown. Water-soluble samples are diluted 

to a desired concentration. Solid samples must be finely divided and 

dispersed in water to allow the measurement of an exact aliquot. I he 
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solution or suspension is adjusted to a slightly acid reaction to Congo 
red paper with sulfuric acid and heated at 100° C. for 20 minutes. For 
this an Arnold steam sterilizer may be used. After cooling, the solu- 
tion is made up to volume and an aliquot is used for sulfite treatment 


(see below) . The remaining portion is neutralized with sodium hydrox- 
ide, litmus paper being used for the indicator. The neutralized portion 

is taken for testing total fermentation activity (before sulfite treat- 
ment). 

Sulfite Treatment. In a 50-cc. Pyrex Erlenmeyer flask are placed 
a portion (not over 20 cc.) of the prepared sample, 0.7 cc. of .\' sul- 
furic acid, and 5 cc. of water containing 0.2 gram NaoSO;j-7H.,0. Tlie 
sulfite solution must be freshly prepared. The pH must be adjusted to 
5.2 to 5.6, using dilute sulfuric acid and sodium hydroxide and brom 
cresol purple as the indicator. The flask is covered with a 30-cc. 
beaker, heated at 100° C. for 30 minutes, and then cooled. Excess 


sulfite is decomposed w ith an excess of 3 per cent hvdrogen peroxide 
The end point is tested by using as an outside indicator a drop of a 
mixture composed of 1 drop of 5 per cent potassium iodide, 1 drop 
of 1 per cent soluble starch, and 1 drop of 50 per cent sulfuric acid. 
A drop of sulfite-containing solution added to a drop of this mi.xture^ 
which has a pink color, discharges it. When all the sulfite is oxidized' 
the pink color remains and becomes deep violet when an excess tif 
peroxide is added. When the excess sulfite is decomposed, the solution 
IS neutralized with sodium hydroxide, using neutral litmus paper as the 
indicator. The solution is made up to volume, and an aliquot is 
employed for the estimation of residual fermentation activity. 


Reagents 


Solution A. In 1 liter of water are dissolved 180 grams of am- 
monium dihydrogen phosphate, 72 grams of diammonium hydrogen 
phosphate, and 0.2 gram of nicotinic acid. This solution is steriliLd 

by heating at 100° C. (Arnold sterilizer) for 30 minutes, or it may be 
nandled m the same manner as solution B. ^ 


Solution B. In 1 liter of water are dissolved 200.0 grams of dextrose 
(anhydrous), 7.0 grams of magnesium sulfate (MgS04-7Ho0) 2 2 

phosphate, 1.7 grams of potassium 
chloride, 0.5 gram of calcium chloride (CaCl2-2H20), 0 01 gram of 

ferric chloride (FeCl3-6H20), and 0.01 gram of manganese snTj! 

(MnS04-4H20). Solution B is distributed in 500-cc. Erlenmeyer 

flasks, cotton-plugged, and sterilized at 100° C. on three successive days 

Thereafter the flasks are capped with foil or paper and stored at room 
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ii'iiiju-i'aMn’o. Al't('r :l llask has i)<.‘rn o])rna(h it is in a refrigerator 
at -1 ' C. 

Thiamin Standard Solution. C 'rv-talliiu' thiamin eliloridc is dried 
()\cr j)liusiili(irvis |)inliiNi(K' lor 24 hours. A weighod amount is dis- 
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snlvrd in distilled water to make a soluiioi: containinjj; 0.1 mg. of thia- 
min chloride i)er cubic centimeU'r. A subdilufion is made to contain 1.0 
microgram ))er cubi(^ cc'nt imcl ('r. I bis solution i.s distributed in 200-cc. 
flasks (co(l()n-])lugg('d), .sterilized at 100'’ for 20 minutes on two 
successive days, and tben treated lik(' solution B. 

Yeast Suspension, kdcischmann’s bakers’ yeast (10.0 grams) or its 
c(|nivalcut is weighed iido a small beaki'r. The small foil-wrapiu'd 
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cakes of yeast or the high-vitamin-Bi bakers' yeast should not be used. 
Distilled water is added to the yeast until a heavy cream has been 
produced and then enough more to make the volume of the suspension 
200 cc. This suspension is prepared just pi-ior to each determination. 

The Fermentometer. The fermentometer is shown in Fig. 54. The 
drive is a Boston ratiomotor i)roducing 96 r.p.m. The temperature 
is controlled (at 30° ± 0.2° C.) by a Fenwal thermoregulator, control- 
ling a 200-watt heater. An auxiliary 500-watt heater for rapidly 
raiding the tempei atui e is manually controlled. The gasometers are of 
260-cc. capacity with graduations at each 2 cc. The gasometer fluid is 

a 10 per cent calcium chloride colored blue with a small amount of 
cupric chloride. 

A Typical Assay. Into each of six reaction bottles 2.5 cc. of solution 
A and 7.5 cc. of solution B were placed, followed by the addition of the 
thiamin-containing solutions; i.e., to No. 1, 0.8 cc. of a 1 per cent Hi-Bi 
bakers’ yeast suspension ; to No. 2, 4.0 cc. of sulfite-treated yeast plus 
1.0 cc. of a solution containing 1.0 microgram of the thiamin; to No. 3, 

5 cc. of a wheat-germ suspension; to No. 4, 20 cc. of sulfite-treated 
wheat-germ .suspension plus 1 microgram of thiamin; to No. 5, 1 micro- 
gram of thiamin ; to No 6, 2 micrograms of thiamin. Distilled water 
was added to make a volume of 40 cc. Then the time was noted and 

10 cc. of a yeast suspension containing 0.5 g. of moist compressed yeast 
was rapidly added to each bottle. 

The reaction bottles were placed in the fermentometers and con- 
nected to the gasometers. Shaking was started and after 2 to 3 minutes 
the initial reading of the gas volumes was made. After 3 hours the 

difference represents the gas evolved 
Table LVIII shows how the fermentation activity of each test is deter- 
mined The evaluation of the results, in terms of thiamin content of 
the unknown, is given in Table LIX. 


Josephson and Harris (2) modified this procedure by reducing it to a 
micro scale, using the Warburg-Summerson equipment. Caster and 
collaborators (3) published a critical review concerning the yeast fer- 
mentation method, pointing out some of its inaccuracies and suggesting 
improvements According to these authors errors occur when this pro 

''mTm thiamin estimation in materials having a high 

sulfite blank Many foods usually have low blanks, but most urines 
have high blanks. It is suggested that position differences may be 
eliminated by increasing the speed of shaking. ^ 

Schopfer’s Method for the Estimation of Thiamin ('4') Tn 
method the mold Phycomyces blackesleeanus is the test organim The 
medium contains 10 per cent glucose, I per cent asparagine, 0.5 per cent 
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TABLE LVHI 

Typical Assay Run with Six Gasometers 


(Analysis of two unknowns) 


Bottle 

Addition to Control Reaction 

Gas evolved 

Fermentation 

No. 


Mixture 

in 3 Hours 

Activity per Test 


mg. 


cc. 

fxg. of thiamin 

1 

8 

Yeast (bakers’ Hi-Bi)* 

192 

1.75 

2 

40 

Yeast (bakers’ Hi-Bi)* 





SO'i-treatod, plus 1 ^g- 
of thiamint 

180 

1.32 

3 

50 

^^'heat germf 

186 

1.54 

4 

200 

AVheat germ.J SO 2 - 





treated,§ plus 1 /ig. of 
thiamin 

182 

1.39 


Mg- 




5 

1 

Thiamin 

171 

1.00 

6 

2 

Thiamin 

199 

2.00 


• 0.8 oc. of 1 per cent fluspcnsion of lli-Ribakera’ yenst lieatcd at 100® C. flowing steam, for 20 minutes 
at reaction blue to Congc) red, cooled, an<l ncutraliT^ed. 

fl.O cc. is 40 mg. of Hiilfite-treated lli-Bi bakers' yeast. OiJe gram of yeast suspended in 20 cc. 
of Hat), 0.2 gram of NaiSO.vTI bt > added, reaction adjusted to pH 5.2, and then heated at 100° C. for 
20 minutes. Cooled, excess sultite destroyed, neutralized, and made to 100-co. volume, 
t 5 cc. of 1 per cent Huspeiisiot] treated as in *. 

§ 20 oc. o 200 tug. of sulfite-treated wheat germ treated as in L 


TABLE LIX 

Evaluation of Results of Test Described in Table LVIII 


Total fermontaiion activity 
Residual ftu’mt’niation activity after 
suHitti treatment 
'^IVuo thiamin eonl.tuit 


Hi-Bi 


Bakers^ Yeast Wheat Ger 
micrograms per gram 

219 30.8 


M 



1,95 

28.85 


magnesium sulfate, and 1 .5 per cent Kri 2 P 04 . The organism docs not 
grow in this medium unless thiamin is added. After the addition of as 
little as 0.0005 gumma i)f thiamin per cubic centimeter growth is appre- 
ciable, and, within certain limits, growth is directly proportional to the 


thiamin concentration. 

Mattoso and Chaves (5) suggest that the test be carried out at pH 6, 
which is optimum for the growth of the organism, and that potassium 
hydroxide be employed for the adjustment of the medium. Schopfer 
(6) published a critical review concerning the application of the 
Phycomyces test for thiamin. The article contains 78 references. 
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ASSAY METHOD FOR SIX B VITAMINS 

Landy and Dioken (7) published the following microbiological assay 
method which permits the estimation of pantothenic acid, riboflavin, 
nicotinic acid, pyridoxine, folic acid, and biotin by a single acidimetric 
method, using only one test organism, Lactobacillus easel Casein 
hydrolysate is the only chemically undefined constituent of the medium 
employed in the test. Omission of any of the required vitamins results 
m absence of growth and acid production. 

j* *. A 1-gram sample of finely divided 

tissue IS rinsed into a test tube with 8 cc. of acetate buffer containing 

approximately 1 per cent solids and having a pH of 4.5 to 4.7. To this 
are added 20 milligrams of taka-diastase suspension in 1 cc of cold 
water and 1 cc. of papain (“ caroid ”) suspension. The papain suspen- 
sion is made by mixing equal quantities of papain and glycerin and dis- 
persing the paste in water. It should be diluted to contain 20 milli- 
grams of papain per cubic centimeter of solution. To 10 cc of enzyme- 
tissue suspension is added 0.5 cc. of benzene. Then the sample is corked 
and .ncubated for 24 Lours at 37» C. The ensymic treatment is neoes- 
sary m order to liberate tissue-bound vitamins. Blanks, tor the vita- 
min content of the enzyme products, must be run. 

®^eam for 30 

minutes to destroy the enzymes and to remove the benzene The 
sample is filtered through a very thin layer of Filter Cel on a Hirsch 
filter, and the residue is washed with a volume of water equal to about 
twice that o the filtrate. The combined filtrates and washings are 

^ 25 milligrams per cubic centimeter 

on the basis of the weights of the fresh tissue. The extracts are placed 

Ini ^ith cotton plugs, steamed 5 to 10 minutes 

and stored in a Dry Ice refrigerator until tested ’ 

In order to prevent decomposition of riboflavin, the samples should 
not be exposed to light. Aqueous solutions, materihs in a hom“geteo ^3 
State, do not have to be extensively ground or mixed. Cerefls give 
igher results of nicotinic acid when extracted at an alkaline pH ^ 
Rabmowitz and Snell (9) recommended an extraction proce^re for 

'^i^^amin Be. Hydrolysis of 

r/o:^tr.^stTsZ “ - 

medium should be prepared just befSe use Stock Z t * 

Phmi, eystine hydroehloride, salt solutions A and B, anCrin! tot 
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TABLE LX 

CoMPLETB Medium for Lactobacillus casei 


Casein hydrolysate 

0. 

5 gram 

Sodium acetate (NaC 2 H 302 * 3 H 20 ) 

0. 

6 gram 

Glucose 

1. 

0 gram 

Asparagine 

25 

mg. 

Trj'ptophan 

10 

mg. 

Cystine 

10 

n^g* 

Salt solution A 

0. 

5 cc. 

Salt solution B 

0. 

5 cc. 

Guanine hydrochloride 

500 


Adenine sulfate 

500 

Mg- 

Xantliine 

500 

Mg. 

Uracil 

500 

Mg. 

Thiamin hydrochloride 

10 

Mg- 

Biotin (free acid) 

0 

■ 5 jug. 

Folio acid concentrate (50 per cent folic .acid)* 

1 

0 Atg. 

Riboflavin 

20 

Mg. 

Calcium j^antothenatc 

20 

Mg. 

Nicotinic acid 

20 

Mg. 

Pyridoxinc hydrochloride 

40 

Mg. 

Distilled water to 

100 

CC. 


Salt Solution A 

KzHPO^ 5 Rrams 

KM 2 PO 4 5 grams 

Water 50 ce. 


Salt Solution B 
MgS04-7H20 10 

NaCl 

FoSOuTHaO 

MnS0.i-2H20 

Water 


grams 
0.5 gram 
0 . 5 gram 
0 . 337 gram 
250 cc. 


Obtainable from Ledcrlo T.aborntoricfl. 


may he kept on hand and may be preserved with toluene. The punne 
and pyrimidine bases may be dissolved in the casein hydrolysate. 
After the addition of riboflavin the medium should not be exposed to 

bght. ... , • 

Preparation of Casein Solution. Most vitamm-free caserns contain 
traces of vitamins too large to be negligible for microbiological assays. 
The casein must be repreeipitated several times in order to remove 

traces of the interfering B vitamins. ^ 

To 1 liter of distilled water at 50° C. 100 grams of casein are added 

with stirring. The mixture is stirred for 30 minutes, 3 grams of sodium 
bicarbonate (dissolved in a convenient volume of water) are added, 
and the stirring is continued until the casein is dissolved. The pH is 
adjusted to 4.6 with 10 per cent hydrochloric acid and the casein precipi- 
tate is collected by filtration. The precipitation is reiieated several 
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times, until satisfactory blanks can be obtained in a culture medium 
with the resulting hydrolysate. 

One hundred grams (on basis of dry weight) of the reprecipitated 
casein are hydrolyzed with 500 cc. of 25 per cent sulfuric acid for 10 
' hours at 15 pounds pressure. The sulfuric acid is neutralized with 
barium hydroxide and the barium sulfate is removed by filtration. 

The casein hydrolysate solution, containing 10 per cent total solids, 
is adjusted to pH 3 and treated with 1 gram of Nuchar (Industrial 
Chemical Sales Co., New York) per 10 grams of casein. After 1 hour 
of stirring the mixture is filtered through Filter Cel. This resulting 
casein hydrolysate is preserved under toluene or it may be sterilized by 
autoclavin. A casein hydrolysate for microbiological assay proce- 
dures is obtainable from S. M. A. Corp., Chagrin Falls, Ohio. 

Assay Procedure. For the estimation of any of the six B vitamins, 
a basal medium of twice the concentration given in Table LVIII is 
prepared, omitting the vitamin for which the assay is to be made. The 
samples are placed in culture tubes and diluted with water to make a 
total volume of 5 cc. in each tube. Five cubic centimeters of the two- 
fold concentrated medium is added. In a similar manner, dilutions 
of the vitamin used as a standard are made up. The test tubes are 
plugged with cotton and sterilized at 15 pounds’ pressure for 15 minutes. 
The tubes are allowed to cool after being inoculated with a suspension 
of L. casei (A.T.C.C. 7469) and are incubated at 37.5° C. for 72 hours. 
After incubation, the degree of growth is determined by titrating the 
acid produced with 0.1 iV sodium hydroxide. Brom thymol blue may 
be used as an indicator, or a pH meter may be employed. Values ob- 
tained from the dilutions of the vitamin standard are used to construct 

a standard cmve. From the curve the vitamin content of any dilution 
of sample may be calculated. See Fig. 55. 

Preparation of Inoculum. Stock cultures of L. casei are kept in 
yeast dextrose agar stabs. A 24-hour culture of L. casei is 10 cc. of 
yeast dextrose broth is centrifuged. The bacteria are washed in 10 cc. 
of 0.85 per cent sodium chloride solution. The washed residue is re- 
suspended in 4 cc. of saline, and 1 cc. of the resulting suspension is 
added to 85 cc, of saline. One-tenth of a cubic centimeter of the 
diluted suspension per tube serves as the inoculum. 

It should be noted that for all the six vitamins growth and acid 
formations are, within a limited range, proportional to the concentration 
of the vitamin which is being tested. The extreme lower and upper 
parts of the standard curve do not give dependable values. Only that 
part of the curve which is linear, or nearly so, may be employed for the 
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calculation of assay values. The large dilutions which are necessary 
eliminate the effect of non-specific growth-stimulatory substances. 




O 

o 




Fia. 55. Standard assay curves tor six a vitamins using - 

medium in which casein hydrolysate is the only chemically undefined constituent. 


Landy and Dicken found that the absence of pantothenic acid, ribo- 
flavin folic acid, and pyridoxine produced perfect blanks (no growth or 
acid production). In the nicotinic acid and biotin blanks, ^^owev^r, a 
small amount of growth took place, equivalent to about 1.0 cc. ot O.lU 
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acid. These slight blanks do not interfere with the accuracy of the 
procedure and are an indication that there remained this small quantity 
of nicotinic acid and biotin in the constituents of the medium. 

The Microbiological Method for ^-Aminobenzoic Acid. Landy 
and Dicken (10) described a microbiological method for the estimation 
of p-aminobenzoic acid using Acetobacter suboxydans as the test organ- 
ism. See also reference 11. 


MICROBIOLOGICAL METHODS FOR THE DETERMINATION 

OF AMINO ACIDS 


Knowledge of the growth-factor requirements of various lactic acid 
bacteria, especially Lactobacillus casei, L. arabinosus 17-5, and Strep- 
tococcus jaecalis R, has led to the development of useful microbiological 
methods for the quantitative determination of most of the B vitamins. 
Since lactic acid bacteria also require most of the amino acids for 
growth, it has been possible to develop satisfactory microbiological 
methods for the ten essential amino acids, namely, lysine, histidine, 
arginine, leucine, isoleucine, valine, methionine, threonine, tryptophane, 

and phenylalanine (12), and also for glutamic acid (13), aspartic acid 
(14, 15), and tyrosine (16, 17). 

These methods are based on the use of an organism which requires 
the particular amino acid in question for normal growth and which will 
respond in a regular fashion to given amounts of the amino acid. The 
growth response may be measured by determining the increases in tur- 
bidity of the culture tubes with graded amounts of amino acid, or more 
commonly by titrating the lactic acid produced in the tubes with alkali. 
The number of cubic centimeters of alkali necessary to neutralize cul- 
tures grown with known amounts of the pure amino acid are plotted 
against the amounts of amino acid to give the “ standard curve.” The 
cubic centimeters of alkali necessary to neutralize the cultures grown 
with given amounts of the preparation under assay are then read 
Rom the standard curve directly in terms of the pure amino acid. 

From such data, the exact amino acid content of the unknown is cal- 
culated. 


These methods can be applied to the assay of foods, feeds, and other 
natural materials, as well as to purified proteins and amino acid mix- 
tures. Because of their specificity, accuracy, sensitivity, and ability 
to yield many replicate results in a short time, these microbiological 
methods are coming into widespread use. As little as 1 to 2 grams of 
matenal sufflc.snt for the assay of all the amino acids mentioned 
above, and one individual can assay a half dozen substances in about 
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two weeks. The techniques and equipment required are relatively 
simple, although elementary knowledge of bacteriological technique 
is essential in maintaining purity of stock cultures and preventing 
contamination of assays. 

In order to standardize and, therefore, simplify microbiological amino 
acid methods, a single uniform method was developed for the ten 
essential amino acids and tyrosine (12, 16, 17). Nine of the amino 
acids arc assayed with Streptococcus faecalis R and phenylalanine, and 
tvrosine with Lactobacillus delbriickii LD5. The details of this method 
arc given below. 

Inoculum. Stab stock cultures of the organisms Streptococcus 
faecalis R and Lactobacillus dclbinickii* are carried in a medium of 
the following composition: 1 gram of glucose, 0.5 gram of Bacto- 
peptone, 0.6 gram of anhydrous sodium acetate, Salts A. and B in half 


TABLE LXI 


Basal Medium* 


dZ-Leucine 

100 mg. 

c//-Ist>Icucine 

100 mg. 

</Z-Valine 

100 mg. 

l( — )-Cystine 

100 mg. 

dZ-Muthionine 

100 mg. 

d/-Try])toi>han 

200 mg. 

7( — )-Tyrosino 

100 mg. 

r/Z-Idicnylalanine 

100 mg. 

r/Z-Glutamic acid 

100 mg. 

fiZ-IMireonine 

100 mg. 

dZ-Alanine 

100 mg. 

riZ-Aspartic acid 

100 ing. 

Z( + )-LyHinc 

50 mg. 

Z( + )-ArKininc 

100 mg. 

/( + )-HiHti(linc 

100 mg. 

dZ-Herine 

100 mg. 

Z( — )-Prolino 

100 mg. 

Z ( — )-Hydroxyprolino 

100 mg. 

dZ-Norlcucino 

100 mg. 

Glycine 

100 mg. 

Glucose 

5 groi 


Sodium acetate (anhydrous) 3 grams 


Adenine 

5 mg. 

Guanine 

5 mg. 

Uracil 

5 mg. 

Pantothenic acid 

100 

Riboflavin 

100 

Thiamin HCl 

100 

Nicotinic acid 

100 

Pyridoxaminet 

200 

p-Aminobenzoic acid 

20 

Biotin 

0.1 

Folic acidt 

1.0 

Salts A 

K..HPO4 

260 mg. 

KH2PO4 

260 mg. 

Salts B 

MgSOrTHjO 

100 mg. 

NaCl 

6 mg. 

FeSOrTHiO 

5 mg. 

MnS04-4H20 

6 mg. 

Adjust to 6.8 

Add distilled HaO to 250 oo. 



• The amino aold iicin« aiwayod in omitted from the medium. 

t Sold by Merck A Co. 

J Obtainable from Ledorle Laboratories. 

* Thene organisma can be obtained from the American Type Culture Colleotion, 
Georgetown IJniveraity School of Medicine, Waahington, D. C., where S. faecalis 

ia Hated oa No. 9700 and L. dolbrUckii na 9696. 
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the concentration given in Table LXI, and 1.5 gram of agar per 100 cc. 
of medium at pH 6.8. The cultures are stored in a refrigerator and 
subcultured each month. Inoculum for the assay is prepared by trans- 
ferring a small amount of growth from a stab culture to a centrifuge 
tube containing 8 cc. of the same medium but without agar. After 
incubation for 16 to 24 hours at 37°, the cells of the liquid culture are 
centrifuged, washed with water, and suspended in 100 cc. of water. 
One drop (about 0.05 cc.) of this cell suspension is used to inoculate 
each tube in the assay. 

Assay Medium. The composition of the assay medium is shown 
in Table LXI. The amount indicated is sufficient for 50 assay tubes, 
since each tube receives 5 cc. of medium. In preparing medium for 
assays, allowance should be made for 20 tubes for the standard and 10 
tubes for each unknown. The amino acid being determined is omitted 
from the medium. Stock solutions of most of the amino acids are pre- 
pared in distilled water in a concentration of 10 milligrams per cubic 
centimeter. Only 5 milligrams of leucine is added per cubic centimeter 
to avoid crystallization on standing. Glutamic and aspartic acids are 
prepared in a concentration of 20 milligrams per cubic centimeter. 
Tyrosine is dissolved in 1 iV sodium hydroxide and then diluted with 
water so that a solution of 10 milligrams per cubic centimeter of 0.1 
N sodium hydroxide is obtained. Cystine is dissolved in 2 A hydro- 
chloric acid and diluted with water to a final concentration of 5 
milligrams per cubic centimeter of 0.2 A hydrochloric acid. Tryp- 
tophan is dissolved with 0.2 A hydrochloric acid to give a con- 
centration of 20 milligrams per cubic centimeter. All the other 
amino acid solutions are adjusted to pH 7. It has been found 
convenient to prepare 500-cc. quantities of each amino acid at one time 
and to store them in brown glass-stoppered bottles under a thin layer 
of toluene in the refrigerator. They can be kept in this manner for 
several months without noticeable deterioration. The remainder of 
the ingredients of the medium, with the exception of glucose and sodium 
acetate, also are prepared as solutions, so that they can be pipetted 
conveniently. Salts A is made by dissolving 50 grams each of K2HPO4 
and KH2PO4 in 500 cc. of distilled water. Salts B is made by dis- 
solving, in order, 20 grams of MgS04-7H2 0, 1 gram of NaCl 1 
gram of FeS04-7H20, and 1 gram of MnS04-4H20 in 500 cc.’of 
distilled water. One cubic centimeter of concentrated hydrochloric 
acid IS added to Salts B to prevent precipitation of the salts on stand- 
ing. ^ A stock solution containing 1 milligram per cubic centimeter of 
adenine, guanine, and uracil is prepared by dissolving 870 milligrams 
of adenine sulfate, 620 milligrams of guanine hydrochloride, and 500 
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milligrams t)f uracil in 200 cc. of water containing 10 cc. of concen- 
trateil hydrochloric acid, and adjusting the volume to 500 cc. 

The -citamin solutions are prepared individually as follows: ribo- 
flavin, 25 gammas ])er cubic centimeter of 0.02 iV acetic acid; calcium 
pantothenate, 27.2 gammas; nicotinic acid, 100 gammas; thiamin hy- 
drochloride, 100 gammas; and pyridoxamine dihydrochloride, 100 
gammas jicr cubic centimeter of water; p-aminobenzoic acid, 10 gam- 
mas per cubic centimeter of water; biotin (free acid), 0.02 gamma per 
cubic centimeter of water prejiared from an initial solution of the solid 
in 20 per cent ethanol and folic acid, 1.0 gamma per cubic centimeter of 
water. All the above solutions arc stored in brown bottles under tolu- 
ene in the refrigerator. Tire vitamin solutions should be renewed once 
a month. The remaining solutions can be kept almost indefinitely. 

Preparation of Samples for Assay. Fresh, moist substances, such 
as vegetables or meats, are sliced and dried sufficiently at 100° to 
permit grinding into a homogeneous mass. It is not necessary to free 
the samples of fatty materials or any other constituent prior to hydrol- 
ysis or assay. One gram of dried material is placed in a glass ampule 
of 20-cc. capacity, along with 10 cc. of 10 per cent hydrochloric acid. 
The ampule is sc’aU'd in a flame and autoclaved for 10 hours at 15 
pounds’ steam pressure. After being cooled, the ampule is carefully 
lu’oken open and the hydrolysate washed into a small beaker with 
approximately 25 cc. of water. It is then adjusted to pH 6.8 with 5 N 
sodium hydroxide, filtered through paiier if an apiireciable amount of 
insoluble material is j)resent, and brought to a volume of 50 cc. with 
water. 1 1 may be stored under toluene in the refrigerator. The 1-gram 
riuantity should be sufficient for determining nine of the essential amino 
acids. Tryptophan and tyrosine require a separate alkaline hydrol- 
ysis. With i)urified ])roteins and other materials available in only 
small (piantities, the amount hydrolyzed may be reduced considerably, 
the degree depemding upon the amino achl content of the sample. This 
can be calculated, approximately, from the sensitivity of each assay as 
indicated by the standard curves. A further reduction is possible by 
decreasing, proportionately, the scale of the assay from 10 cc. volume 
per assay tube to 5 cc. or 2.5 cc. 

For the determination of tryptn]ihan and tyrosine, 0.5 gram of 
samr)le is hydrolyz('d and prepared as described above, except that 
5 N sodium hydroxide is used in place of hydrochloric acid. Frc- 
tpiently, a copious precipitate ar>pears on neutralization of the alkaline 
digest. This may contain considerable amounts of silica dissolved 
from the glass. The jirecipitate is best removed by centrifugation, 
since filtration through paper may be extremely slow. It is washed 
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twice with water, which is then combined with the remainder of the 
precipitate-free hydrolysate. 

Activity of Optical Isomers and Preparation of Standards. With 
the exception of histidine, of which only the I isomer was available^ 









/ 



Fig. 56. 



Ulcrograms of Phenylalaiiino 



Typical standard curves. The quantities of each 

the I or naturally occurring isomer. 


amino acid are those of 


the synthetic dl racemate of each amino acid is exactly one-half as 
active as the i isomer, indicating that the d or unnatural isomer is 
inactive. Identical standard curves are obtained with the I and dl 
forms when twice as much of the dl as of the I isomer is used There- 
fore, either fom can be used as the standard. It is important, obvi- 
ously, that ammo acids of known purity be employed. It is convenient 
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to prepare solutions of the amino acids, to be used as standards, in a 
concentration of 100 gammas per cubic centimeter of the I isomer. 
These may be stored under toluene in the refrigerator. Dilutions are 
made from these primary solutions so that the quantities needed for 
construction of the standard curves (Fig. 56), vhich are in terms of 
the I isomer, can be pipetted conveniently. These secondary dilutions, 
also, may be preserved. The dilutions must be made so that the 
maximum volume of standard added to the assay tube does not exceed 

5 cc. 

Assay Procedure. The assay of a protein for threonine is taken as 
an illustration of the basic procedure, which is applicable, of course, 
to the assay of the remaining ten amino acids. Five-cubic-centimeter 
quantities of the basal medium shown in Table LXI, free of threonine, 
are placed in lipless test tubes (180 by 22 mm.) supported in wire racks. 
A standard curve is prepared by adding, in duplicate, amounts ranging 
from 0 to 5 cc. of the standard threonine solution, equivalent to 0 to 
100 gammas of the I isomer (see Fig. 56 for intermediate values) to 
separate tubes of medium. To another set of tubes containing 5 cc. of 
the threonine-free medium are added in duplicate 1.0-, 1.5-, 2.0-, 2.5-, 
and 3.0-cc. quantities of the appropriate dilution of the protein hydrol- 
ysate being assayed. The total volume in all tubes is brought to 10 cc. 
with water. The tubes are plugged with cotton and sterilized by auto- 
claving at 15 pounds’ pressure for only 13 minutes. On autoclaving, 
the medium becomes light brown ; dark brown discoloration indicates 
excessive sterilization and interferes with the subsequent colorimetric 
titrations. Each tube is inoculated, aseptically, with 1 drop of S. 
■faecalis suspension prepared as described above. The racks of inocu- 
lated tubes are incubated for 40 to 48 hours at 37° to permit develop- 
ment of the assay organism to the maximum degree permitted by the 
available threonine. Small variations in time or temperature do not 
affect the assay significantly. After incubation, the lactic acid ^rmed 
by S. faecalis from the glucose in the medium is titrated directly in each 
tube with approximately 0.05 N sodium hydroxide, using brom thymol 
blue as indicator. The cubic centimeters of sodium hydroxide required 
to neutralize the tubes of the standard are plotted against micrograms 
of threonine to give the reference curve shown in Fig. 56. Similar 
standard curves are prepared for each assay. Dilutions of the protein 
hydrolysate under test are chosen to give titration values which fall on 
the sharply ascending portion of the standard curve, and the threonine 
content is read from the standard threonine curve. The final value is 
an average of the figures obtained at the various levels, which agree 
closely. Phenylalanine and tyrosine determinations with L. delhruckxx 
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are made in the same way as described above, except that the incuba- 
tion period is 64 to 72 hours and the titrations are made with approxi- 
mately 0.1 iV sodium hydroxide. 

A convenient method for recording and calculating results is shown 
in Table LXII. One gram of liver was hydrolyzed with acid, neutral- 

TABLE LXII 


Assay of Beef Liver for Threonine 


Diluted 

NaOH Required 

Amino Acid 

Amino Acid Content 

Sample 

to Neutralize 

Equivalent of Titration 

Calculated for 1 cc. 

Added to 

Assay Tube 

Figure as Read 

Diluted Sample at 

Assay Tube 

after Incubation 

from Standard Curve 

Each Assay Level 

cc. 

cc. 

7 

7 

0.5 

3.6 

10 

20 

1.0 

5.1 

19 

19 

1.5 

6.8 

31 

21 

2.0 

7.85 

40 

20 

3.0 

9.6 

62 

21 

Average . . . 



20.2 


^ dilution 

A 

20.2 X 12.5 X 100 = 25.25 milligrams of threonine per gram, or 2.53 per cent. 

ized, filtered, and adjusted to 100 cc. A further 1:12.5 dilution was 
made prior to assay. Alkaline hydrolysis, used to liberate trvptophan 
and tyrosine from proteins, results in complete racemization of these 
amino acids. Since the d form of tryptophan is inactive for S. faecalis, 
and the d form of tyrosine is inactive for L. delbruckii, assay values 
must be multiplied by a factor of 2 to arrive at the final correct 
tryptophan and tyrosine contents of the protein. 

Discussion. The wide variety of materials that can be satisfactor- 
ily assayed for amino acid content by the microbiological method is 
shown in Table LXIII. The method fulfills, for each of the amino 
acids, the following criteria of reliability: (a) Essentially the same 
ammo acid values are obtained for a particular protein, irrespective 
of the amount of sample assayed, thus indicating that the method is 
stable to non-specific stimulatory or inhibitory substances which may 
be introduced with samples, (b) The results are readily reproducible 
so that the same values are obtained for a given protein in repeated 
assays with fresh hydrolysates, different batches of medium, and differ- 
ent operators, (c) Recoveries of known amounts of amino acids added 
to proteins before hydrolysis are quantitative generally within ±2 per 
cent, (d) Compounds related chemically or physiologically to the 
ammo acids, other than a few very closely related exceptions are 
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inactive, (e) In general, the microbiological values for purified and 
impure proteins are in reasonably good agreement with those obtained 
by the more recent improved chemical methods. 

Satisfactory microbiological methods are not yet available for the 
determination of glycine, alanine, serine, proline, hydroxyproline, and 
cystine in natural materials. 

Enzymic Methods for Analysis of Amino Acids. A series of 
methods, though not often used, have been developed for the enzymic 
analysis of amino acids in protein hydrolysates. Thus, arginase has 
been applied for arginine determination; decarboxylases for lysine, 
ornithine, tyrosine, arginine, glutamic acid, and histidine ; and succinic 
dehydrogenase for glutamic acid, the last being first converted to suc- 
cinic acid with chloramine T (18) . 

Determination of Protein Value with Tetrahymena geleii H. 
Dunn and Rocklan (19) described a method for the determination of 
biological values of proteins with the aid of the ciliated protozoan 
Tetrahymena geleii H. This small animal utilizes unhydrolyzed pro- 
teins, and its amino acid requirements approximate those of certain 
mammals. 
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of oats, 77, 78 

of pancreas, 69, 71, 72, 81, 82 
of Pc uicilliiim roqucforti, 402 
of potato, 72 
of rice, 77, 78 
of rye, 77, 78 
of saliva, 72 
of seeds, 63-69, 77-88 
of sorghum, 77, 78 
of soybean, 80 

of wheat, 77, 78 
pPL optima, 8, 65, 70, 81, 82 
j)rcparaiion. of a-, 63-68. 72-80 
I)reparation of 63-68, 72-80 
sources, 59, 61, 65, 67, 69, 72, 73-79 
specificity, 64 
substrates, 62-64 
Amylo procovss, 309 
AmyloviyccSy 309 
Amylophosphatase, 67 
Angiotonasc, 412 
Angiotonin, 412 
Animal decarl')oxylascs, 252 
Antibiotics, chemistry and production 
of, 380-395 
Aracliain, 173 
Argiriasc.s, 115-117 
Ascaris, 165-167 
As(:Iei)ains, 164, 167-170 
Ascorbic; acid oxidase, 187, 203-206 
Asparaginase, 118 
AspiU’ta.sc, 118, 119 
Autolytic trypsin, 150 

/3-Carboxylasc, 257 

Bacillus carotovoriis protopcctinasc 
source, 459 

B, (lifts UUicAis, diastase source, 397, 398 
B. 7naccra7is, diastase source, 362 
B. mcscntcricus, diastase source, 396-400 
proteinase source, 396-400 
B. sublilis, diastiuse source, 396-400 
Biuderial enzymes, 396-401 
production on large scale, 396 
properties of some, 396-401 
]3a(;terial fermentations, 257-279 

luadic U(!id, 367-372 

ucetonc-butanol, 257-362 


Bacterial fermentations, acctonc-etha- 
nol, 362 
antibiotics, 392 
bacteriophage in, 361 
2,3-butylene glycol, 366. 367 
dihydroxyacetone. 364-365 
ketog'luconic acid, 365, 366 
lactic acid, 375, 377 
riboflavin production, 377, 378 
sorbose, 362-364 
Bakers’ yeast, 269-298 
Barium hexosediphosphate, 108 
Barium Iicxosciuonophos]diate, 32, 108 
Barium phosphoglyceratc, 108, 109 
Bating enzymes, 485^96 
Beer, 327-340 
boiling the wort, 334 
chillproofing* tests, 337 
chillproofing with proteoljdic en- 
zymes, 337, 338 
defects, 336 

bacterial turbidity, 336 
calcium oxalate turbidity, 336 
pitch turbidity, 336 
starch turbidity, 336 
yeast turbidity, 336 
fermentation, 335 
for diabetics, 336 
germination of barley, 327, 328 
kilning of barley, 328 
krausing, 336 

malted barley enzymes, 329 
malting proccvss, 327-330 
amylolysis, 330-333 
chemical changes in, 327-337 
cytolysis, 329 
dosmolysis, 329 
enzyme actions, 327-337 
oxidation, 330 
phosphorolysis, 333 
proteolysis, 332 
mashing, 330 
amylolysis in, 330-332 
conversion temperature of, 331 
I)rotcolysis in, 332 
lliernuii ofTocis on amylases, 331 
uses of wheat malt in, 332 
rest period, 334 

Sac(*haroinyccs cdiisbcrgvusis, 335 
S, ccrovimw, 335 
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Beer, S. monacensisj 335 
sparging, 334 

washing and steeping of barley, 327 
Bios I, 278 
Bios n, 279-281 
Biotin, 279, 280 
microbiological assay for, 507 
Botrytis cinereal pectinase and proto- 
pectinase source, 459 
Bread making, enzymes in, 419 
Bromelin, 163, 164 
activation-inactivation, 164 
optimum pH, 165 
preparation, 164 

2,3-ButyIene glycol fermentation, 336, 367 
intermediary in alcoholic fermenta- 
tion, 319 

production by bacterial fermentation 
366, 367 

Calcium, effect on pectinase, 14 
effect on tomatoes, 449, 450 
effect on trypsinogen, 147 

Calcium <f-fructose-l, 6-diphosphate, 107 

Calcium lactate, 376 

Camembert-Brie type of cheese, 431, 434 
Caraca papaya, 160 
Carbohydrases, 47-93 
Carbon dioxide fixation, 215-217. 
Carbonic anhydrase, 262, 263 
Carboxylases, 2, 4, 248-259 
Carboxypeptidase, 126, 155-157 
Castor-bean lipase (ricinus lipase), 27 
Catalase, 189-192 
activation energy, 191 
action, 189 

chemical nature, 189-192 
crystallization, 192 
function, 191 
inhibitors, 189, 190 
kinetics, 190, 191 

method for estimation of activity, 447 
pH optimum, 191 
Catecholase, 207 
Cathepsins, 151, 152 
Cellulase, 86 
Cheeses, 430 
American blue, 435 

Camembert-Brie, 431, 434 
Cheddar, 431 


Cheeses, classification, 431 
curd formation, 434 
effect of added enzymes in, 432-434 
effect of bacteria, 434 
effect of molds, 433, 434 
enzymes for ripening of, 432-434 
Penicillium camemberti, 434 
P. roqueforti, 434 
rennet test, 437 

rennin manufacture, 140, 436, 437 
Roquefort, 431 
Chlorophyllase, 32 
Choline acetylase, 43, 44 
Choline esterases, 41, 42 
Chondrosulfatase, 31 

Chromatography, 20 
Chymopapain, 161 
Chymotrypsinogen, 143-148 
Chymotrypsins, 143-149 

Citric acid fermentation, 215, 341-346 
improvements, 344 
mechanism, 215, 346 
medium, 343 

optimum conditions, 343-344 
organisms, 344, 345 
Citric dehydrogenase, 215 
Citrinin, 389-391 
activity, 390, 391 
Aspergillus sp., 391 
chemistry, 389 
color test, 391 
Penicillium ciirinum, 390 
Citromyces, 341 
Cocarboxylase, 2, 4, 248-252 
containing enzymes, 248-252 
Vpoglucemic action, 253 
metabolism, 252 
properties, 249-251 
synthesis, 250, 251 

Codehydrogenase I (cozymase) 3 211- 
213 

containing dehydrogenases, 211-222 
oxidase (diaphorase I), 238 
Codehydrogenase II, 3, 211-213 
containing dehydrogenases, 211-222 
oxidase (diaphorase II), 238 
Coenzymes (general), 2-5 
Copper enzymes, 203-210 
Cori ester, 94 

Cozymase, see Codehydrogenase I 
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Crc.sola^se, 207 
Cvr^teine dec;ulfurase, 246 
Cytale, 329 

Cytuliue deainiaa^e, 123 
Cytochrome c, 187, 188, 197-201 
Cytochrome c peroxidase, 201 
Cytochrome c reductase, 3, 238 
Cytochrome oxidase, 200 
Cytochromes, 197-200 
Cytromyces, 341, 345 
Czapek’s solution, 403 

Dairy products, enzymes in, 428 
Decarboxylases, 248-259 
Dogomma, 480 

Dehydrogenases, 186—188, 211—222 

containing codehydrogenase I and II, 

211 

transferring hydrogen to cytochrome, 
223 

Desoxyribonuclease, 113 
Dextransucrasc, 55 

Dcxtrolactic acid production by molds, 
353 

analytical data concerning rate of 
fermentation, 354 
fermentation medium, 353 
germination medium, 353 
uses, 377 

Diarninoxidase (histaminasc), 237, 238 

Diaphorases, 238 

Diastafor, 480 

Diastiusos, sec Amylases 

Diastatic baking aids, 422 

Diazyme, 480 

Dihydroxyacetonc, production from 
glycerol, 364 

Dihydroxyacetonc phosphate, 323 
Dipeptidaso, 159 

1,3-Diphasphoglyceric aldehyde dehy- 
drogenase, 217 

Diphosphopyridine nucleotide (cozy- 

maso), 211-213 

Diphosphothiamin (cocarboxylase), 249 

-253 

enzymes, 262 
synthesis, 250 

Disaccharido fermentation by yeast, 322 
Distillers* yeast, 300-303 
Dopa oxidase, 240 


Drug industry, enzymes in, 408-418, 498 

Emulsin, 59-61 
Enolase, 262 
Enterokinase, 141 
Enzymes, 1-24 

action, mechanism of, 7-13 
reversibility of, 21 
activators, 2-14 
antiseptics, 21 
classification, 2, 3 
commercial production, 396-407 
definition of, 2 
essential groups of, 14-18 
formation controlled by genes, 1, 273 
inactivation, 14-21 
inhibitors, 5-17 
kinetics, 9-13 
medicinal use, 408-418 
effect, 5-7 

practical applications of, alcohol pro- 
duction, 300, 309, 310 
in apple-juice clarification, 464 
in beer manufacture, 327 
in. bread making, 419 
in cheese making, 430 
in chillproofing, 337 
in citrus-pectin preparation, 473 
in dairy products, 428 
in drug preparation, 498 
in dry cleaning, 483 
in fat industry, 499 
in feather bleaching, 500 
in fruit-jiiicc clarification, 472, 600 

in fruits, 450-456 

in fur bleaching, 500 

in jelly industi'y, 471 

in laundering, 482 

in leather making, 485-496 

in meat tenderization, 440 

in medicinal use, 408-418 

in paper making, 484 

in quick freezing of foods, 445 

in sewage disposal, 600 

in silk degumming, 482 

in textiles, 480, 500 

in tobacco making, 497 

in undesirable actions on vitamins, 

470-479 

in vegetables, 443-461 
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Enzymes, practical applications of, in 
wine clarification, 465, 467 
in wood bleaching, 500 
preparation, 20, 21 
industrial, 396-407 
preservation of, 21, 23 
prosthetic groups of, 23 
reversible action, 21 
reversible inactivation, 18 
specificity, 7 

synthetic action, 21, 29, 30, 43, 53-55, 
57, 58, 94-111, 293 
temperature effect, 4, 5 
Z-Ephedrine, preparation of, 293, 294 
Erepsin, 152 

Eserine as an inhibitor, 42 
Esterases, 25-46 
activity determination, 28 
Ester synthesis by esterase, 29, 30 
Ethyl alcohol fermentation, 299-326 

Amylomyces, 309 

/ 

As-pergillus oryzae, 309, 310 
by-products of, 317-319 
continuous process, 302-305 
conversion of starch, 304 
course of, 321 
definition of, 321 
disaccharides, 322 

elimination of induction period, 322 
Eoff process, 320 

pneral principles of production, 301 
induction period, 322 
inhibitors, 322-324 
intermediary products, 317, 321 
laboratory-scale yeast production, 302 
moldy bran used in, 309 
Mucor rouxii, 304 

oxidation by dehydrogenase, of ani- 
mals, 213 
of plants, 213 

plant-scale yeast production, 45-97 
raw materials, 300 
cellulose, 312, 313 
cornstarch, 304 
glucose, 300 

Jerusalem artichokes, 311 
lactose, 313 
molasses, 301 
potatoes, 307 

sulfite liauor: 319 


Ethyl alcohol fermentation, raw mate- 
rials, whey, 313 
wood, sulfite process, 313 
. Rhizopus japonicus, 304 

R. tonkinensis, 304 
Saccharomyces anamensis, 312 

S, cerevisiae^ 300 

S. ellipsoideits, 320 
jS. pombe, 312 
selective inhibitors, 324 
starter, 300 

sulfite activation of bound jS-amylase, 
310 

Torula cremoris, 316 

T, lactosa, 316 
Torulopsis sphaerica, 316 
yields, 300, 301 

Ethyl chlorophyllide, 32 
Ethylene, 451 
in fruit ripening, 451 
in wheat ripening, 451 
Euphorbain, 173 
Exsize, ^ 480 


Fat industry, lipase in, 499 
Fatty acid dehydrogenase, 245 
Fatty acid oxidase, 228 
Ficin, 165-167 
action on Ascaris, 165 
crystallization, 167 
from Ficvs carica, 165, 166 
from Moraceae, 166 
preparation, 167 
Filtragol, 467 

Flavin dinucleotides, 229-240 
Flavin mononucleotides, 229-240 
Flavoproteins, 229-240 
Folic acid, 282 
microbiological assay of, 507 
Formic dehydrogenase, 227 
Fructose, phosphorylation of, 105 

Fructose-1, 6-diphosphate, ^^1, 323 

preparation, 107 

Fructose-l-phosphate, 9^102,^^!, 323 

preparation, 101 

Fructose-6-phosphate, 105, 321, 323 

preparation, 108 

Fruit-juice industry,. enz3anes in, 458-475 
Fumarase, 261 

Fumaric hydrogenase, 3, 232 
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Fusariion chromiophihoron, protopecti- 
naso source, 459 

F. jructizcnurn, pectinase source, 459 

“Galac” yeast, 275 
a-Gallactosidase, 57 
/3-Gallactosidasc, 57 
Gallic acid production, 352 
Gastric lipase, 27 
Gelatinase, 129 

Genes controlling enzyme formation, 1 
Glocosporiuvi jructizcnum, pectinase 
source, 459 

Gluconic acid production, 346-352 
by bacteria, 351 
by molds, 346 
fermentation medium, 348 
germination medium, 348 
improvements, 348 
mechanism, 352 
rotary-drum process, 347, 348 
shallow-pan process, 346 
yield, 349 

Glucose dehydrogenases, 218, 245 
Glucose oxidase of molds, 236 
Glucose-l-phosphate, 94^-101, 321, 323 
Glucose-6-phosphate, 105, 219, 321, 

323 

a-Glucosidasc, 55 

/3-Glucosidasc, 59 

Glucosulfatase, 31 

/^-Glucuronidase, 58 

Glutamic acid decarboxylase, 253, 254 

Glutamic dehydrogenases, 219 

Glutaininase, 121 

Glutathione, coenzyme of glyoxalasc, 
260 

effect on broad, 421 
effect on color formation in fruits, 
454 

Glutathione dehydrogenase, 226 
Glyceric aldehyde-diphosphate dehy- 
drogenase, 217 
Glycerol, 318-320 
alkali, action of, 320 
Eoff process, 320 
production, 318-320 

SncvhnromyccH cMipnoidcus, use of, 

320 

sulfite process, 320 


a-Glycerophosphate dehydrogenase (in- 
soluble), 226 

a-Gb'cerophosphate dehydrogenase (sol- 
uble), 215 

Glycine oxidase, 3, 235 
Glycogen, effect of amylases on, 62, 63 
of 3 'east, 94, 269, 270 
Gl^mxalase, 260 

Growth factors, relation to yeast, 277 
Growth substances, 277 
Guanase, 121 

Guanosine deaminase, 123 
Guanylic acid deaminase, 123 

Hexokinase, 105 
Hexosediphosphatase, 33 
Hexosediidiosphate, 321, 323 
Hexosc-6-phosphate, 319, 321, 323 
Hexosephosphate dehydrogenase, 319 
Hippuricase, 119 
Histaminase, 237 
action, 237 
preparation, 238 
therapeutic use, 413 
Histidase, 117 
Histozymase, 119 
Hyaluronidase, 87 
Hydrogen-ion effect, 5-7 
a-Hydroxy acid dehydrogenase, 214 
/^-Hydroxybutyric dehj^drogenase, 218 
Hypertensinase, 412 
Hyiioglucemic action of cocarboxylase, 
253 

Indophcnol oxidase, 200 
Inhibitors of enzymes, 14-19 
Invasin I, 88 
Invasin II, 88 

Itaconic acid production, 354 
Inulasc, 51, 86 
Invertasc, 47-53 
distribution, 47-49 
industrial use, 50 
inhibitors, 52 
kinetics, 51 
7 ;H optimum, 49, 61 
prepnralJon, 48-50 
sources, 47, 48 
specificity, 47, 48 

Ionizing radiation, effect on enzymes, 17 
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Iron enzymes, 187, 189-202 Malt, “cytase,” 329 

Isoalloxazine adinine dinucleotide, 229- dcsmolase, 329 

240 diastatic baking aids, 422 

Isoalloxazine adinine mononucleotide, effect of hydrogen sulfide on, 79 
229-240 effect on dough, 422 

Isocitric dehydrogenase, 215 effect on glycogen, 63 

effect on starch, 62 

a-Keto carboxylases, 248 esterases, 333 

d-2-Ketogluconic acid, 365 liberation of bound amylase, 79 

(/-5-KetogIuconic acid, 365 liquefying action, 67 

a-Ketoglutaric dehydrogenase, 224 proteinase, 419 

Kinetics, 9-13 separation of a- from /3-amylase, 64- 

66, 78, 79 

Laccase, 208 syrup production, 424 

Lactase, 57, 58 Maltase, 55, 56 

Lactic acid (I- or common form), 375 Malting process 78 


calcium lactate production, 376 
from whey, 375 
organisms, 375 
dextrolactic acid, 353 
industrial production, 353, 375 
production by bacteria, 375 
production by molds, 353 
uses, 377 

Lactic dehydrogenase, 214 
Laundry, uses of enzymes in, 482 
Leather industry, uses of enzymes in 
485-495 

Lecithinases, 31, 33 
Leucyl peptidase, 157 
Levansucrase, 54, 55 
Lichenase, 86 
Lipase, 25-28 
castor-bean, 27 
estimation, 28 
gastric, 27 
industrial use, 499 
pancreatic, 25-27 
ricinus, 27, 28 
Lip oxidase, 476 
Luciferase, 241-243 
Lysozyme, 87 

Malic dehydrogenase, 220 
Malt, 61-86 

amylase (diastase), 61-86 
a-amylase, 63-79 
^-amylase, 64-79 
catalase, 424 

commercial diastase, 419-426 


Mashing, in alcohol production, 304 
in beer production, 330 
Meat tenderization, enzymes in, 440 
Medicinal enzymes, 408-418 
Medicinal yeast, 289-291 
Melibiase, 57 
Metaphosphatase, 33 
Methods for estimation of enzyme ac- 
tivity, carboxylase, 251 
catalase, 447 

dextrinizing, amylase, 82 
diastatic, amylase, 83 
lipase, 28 
milk clotting, 437 
rennin, 437 
peroxidase, 444 

proteolytic, alkali titration, 179 
formol, 180 
Gross-Field, 181 
Lohlein-Volhard, 494 
Mexicain, 170 
Michaelis constant, 11 

Microbiological assays for vitamins 
502-511 

Milk enzymes, 196, 428 

Mold enzymes, production, large-scale 

401 

soluble, 406 

Mold fermentations, 341-356 
apparatus for, 347-350 
citric acid, 341 
citrinin, 389-392 
dextrolactic acid, 353 
gallic acid, 352 
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Mold fermentations, gluconic acid, 346 
itaconic acid, 354 
l>cnicillin, 380-386 
streptomycin, 387-389 
tumor lytic factor of Aspergillus 
jumigaius, 392 

Moldy bran, production of, 403, 404 
use, in alcoholic fermentation, 309, 
404, 405 

in poultry feeds, 405 
Monilia fructizena, pectinase source, 
459 

Monophenol oxidase, 207 
Mucolytic enzymes, 87 
Mutases, 261, 262 

Nicotine destruction in tobacco, 497 
Nicotinic acid, microbiological assay, 
511 

Notatin, 236 
Nucleases, 112-124 
Nuclein deaminases, 121 
Nucleosidases, 115 
Nucleotidases, 114 

Old yellow enzyme, 3, 230 
Osage orange proteinase, 171, 172 
Oxalacctic carboxylase, 257 
Oxalovsuccinic carboxylase, 216 
Oxidizing enzymes, 186-247 
classification of, 187 
in fruits, 450-456 

Pancreatic amylase, 69 
Pancreatic lipase, 25 
Pancreatin preparation, 150 
Pantothenic acid, 279 
microbiological assay, 607 
Papain, 160-164 
crystallization, 161 
pH optimum, 164 
preparation, 160 

Paper industry, uses of enzymes in, 484 

Pasteur reaction, 186 

Peaches, elimination of browning of, 

465 

Poctase, 400 
Pectic substances, 468 
Pectin, 468 

Pectin-decomposing enzymes, 469-473 


Pectin-decomposing enzyma^, in apple- 
juice clarification, 463^67 
in wine clarification, 467, 468 
Pectinase, 459 

in fruit-juice clarification, 464 
in wine making, 467 
Pectinic acid, 458 
Pectinol, 463-465 
Pectolase, 459 
Penicillin, 380-386 
activity, 381-382 
chemistry, 380 
color test, 386 
production, 382-386 
types, 380, 381 
Penicillinase, 380 

Penicillium chrlichiij pectinase source, 
459 

P. notatum, penicillin source, 381, 385 
Pepsin, 129-134 

chemical nature, 131 
classifwation, 126 
crystallization, 130 
?>H optimum, 130 
production, 132-134 
specificity, 129, 130 
uses, 134 
Pepsinogen, 130 
Peptidases, 152 
classification, 126, 127 
Peroxidases, chemistry, 193-197 
in vegetables, 443-447 
Phenolascs, 207-209 
Phenolsulfatase, 31 
Phosphatases, 32-40 
bacterial, 37 
classification, 32 
mammalian, 33 
plant, 36 

Phosphate bond energy, 95 
Phosphodiesterases, classification, 32 
Phosphoglucomutase, 105 
Phosphoglyceromutase, 106 
Phosphohexose isomerase, 106 
Phosphopyridoxal enzymes, 253-259 
Phosphopyriivic acid, 104 
Phosphoric acid esters, analysis of, 109, 

no 

Pliosphorolysis, 94-95 
Phosphorylases, 94-109 
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Phycomyces blakesleeanus, in thiamin 
assay, 505 

Physostigmine as an inhibitor, 42 
Phytase, 40 

Phytophthora erythrosepticay pectinase 
source, 459 
Pinguinain, 174 
Plant phosphatases, 36 
Plastein, 21 
Polidase, 480 
Polypeptidase, 152 
Polyphenolase, 207 
Polyzyme, 480 
Pomiferin, 172 

Potassium bromate, effect on wheat 
proteinase, 421 

Preservation of enzymes, 21, 23 
Proinvasin, 88 
Prolidase, 154 
Prolinase, 153 
Prolylpeptidase, 153 
Prorennin, 136 , 

Prosthetic groups, 2, 3 
Proteinases, see Proteolytic enzymes 
Protein molecule, 125 

Proteolytic enzymes, classification, 125- 
129 

of animal and plant tissues, 125-185 
of bacteria and molds, 396-^07 
Protopectin, 458 
Protopectinase, 459 
Purine nucleoside phosphorylases, 115 
Pyridoxal phosphate, 253-257 
Pyridoxine, 281 
microbiological assay for, 507 
Pyrophosphatases, 38 
Pyruvic oxidase, 3, 252 
Pythium de baryanum, pectinase 
source, 459 

Rapidase, 480 
Renin, 412-440 
Rennet, 135 
Rennin, 135 
Respiration, 186 

Rhizopus, protopectinase source, 459 
Riboflavin, 284-286 
microbiological assay, 507 

production by microorganisms, 377 
378 


Riboflavin orthophosphate, 229 
Ribonuclease, 112 
Rotary-drum process, 347-349 

I Saccharase, see Invertase 

Sclerotonia cinerea, protopectinase 
source, 459 
Serizyme, 480 
Sewage, enzymes in, 500 
Silk degumming by enzymes, 482 
Snake venum, ^-amino acid oxidase of, 
232, 233 

Solanain, 164, 174 
Sorbose production, 362, 363 
Soybean, trypsin inhibitor, 149 
Soybean amylase, 80 
Soybean proteinase, 172, 174 
Soyin, 172, 174 

Starch, amylose preparation of, 102 
amylolysis, 62-68 

amylopectin preparation of, 102 
structure, 62 

synthesis, by bacteria, 103 
by enzymes, 94-100 
by yeasts, 102, 103 
energy requirements, 95 
Starch-liquefying enzyme, 66, 67 
Streptococcus aureus, 390 
Streptomycin, chemistry, 387 
production, 387-389 
Subtilin, 393 

Succinic dehydrogenase, 223 
Sucrase, see Invertase 
Sucrose phosphorylase, 103 
Sulfatases, 31 
Sulfide oxidase, 246 
Surgical catgut, 415-417 
absorption in human beings, 416 

determination of digestion time in 
vitro, 416 

principles of catgut making, 415 
Synthesis by enzymes, 21, 29, 30, 43, 
53-55, 57, 58, 94-111, 293 

Tabernamontanain, 173, 174 
Tannase, 30 

Temperature, effect on enzymes, 3-5 

Textile industry, enzymes in, 480-482 
Thiamin, 281 

microbiological assay of, 507 
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Thiamin pyrophosphate, see Cocarlmx- 

vlase 

« 

Thiaminase, 477 
Thymoniicleodepolymerase, 113 
Transaminases, 256 

Triphosphopyridine nucleotide, 211, 212 
Trypsin, acti\ ation, 141 
crystallization, 142 

effect of substrate concentration, 142 
inhibitor, 149 
specificity, 141 
Trypsinogen, 147 
crystallization, 147 
effect of calcium ion^ 147 ' 
Tumorlytic factor, 392 
Tyramine oxidase, 244 
Tyrocidin, 392 
Tyrosinase, 207, 411 
Tyrothricin, 392 

Urease, 119-121 

action, 120 

« 

crystallization, 120 
inhibition and inactivation, 120 
pH optimum, 120 
sources, 119 

Vegetable industry, enzymes in, 440- 
457 

Verdoperoxidase, 196 
Vinegar production, 367-374 
aging, 371 

fermentation previous to oxidation, 
368 

filtration, 371 
laboratory generator, 372 
mechanism, 372 
organisms in, 368 
Orleans process, 369 
oxidation phase, 368 
pasteurization, 371 
quick process, 369 

Vitamin assay procedures, microbiolog- 
ical, 502-511 

Vitamin-destroying enzymes, 476-479 


Vitamins in yeasl, 279-283 

W ine making, enzymes in, 467—169 

clarifying experiments, large-scale, 469 
small-scale, 468 

Xanthine oxidase, 231 
Xylanase, 86 

Yeast, 269-298 

^-acetylphenylcarbinol preparation, 
293 

addition, effect on bread, 286 
amino acid content, 284 
ash, 284, 285 
cell, 269 

chemical composition, 284 
compressed, production of, 274 
culture media, 277, 278 
distillers^ production of, 200-308 
Endomyces vernalis, 278, 289 
enzymes of, 292 

Z-ephedrine preparation, with the aid 
of, 293, 294 

ergosterol content, 288 
fat composition, 287 
food supplement, 281-284 
“galac,” 275 
hybridization, 271 
invertase, 47-53 
medicinal, dry, 289-291 
liquid, 289 

Mucor ramanninaniLs j 278 
reproduction, 269 
Rhodotorula rubra, 278 
Saccharomyces carlshergensis, 281 
S. cerevisiae, 269-298 

S. logus, 277 

Torulopsis Hansenula, 287 

T. mycoiorula, 287 
T. utilis, 287 
vitamins, 278 
Willia anomala, 277 

Zymase, 211-213 
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